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HOW TO MAKE AN ARM GROW 


A human arm can throw a spear only so far. But 
some ancient genius of an engineer figured out 
that, by employing a throwing stick, which the 
Aztecs called atlatl, the lever of the human arm 
—and the distance achieved—could be extended, 
with quite pointed results for an enemy. 


Specifying molybdenum in steel is something like 
using an atlatl. For molybdenum extends the use- 
fulness of good steel. By providing good harden- 
ability at low cost, molybdenum steels permit 
modern engineers to save weight—and costs— 
in design. It pays to specify molybdenum. 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED e FERROMOLYBDENUM e “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 






































A thorough understanding of the design 
and application of Timken Tapered Roller 
Bearings will enable you to solve at least 90% 
of the bearing problems you are ever likely to 
encounter when you begin your engineering 
career after graduation. 


When primitive man first made a hole in a 
crude wooden wheel and slipped it over a 
wooden axle he achieved the first function of 
a bearing — support. 


Support for wheels, shafts, gears and other 
rotating parts still is the primary purpose of 
bearings, but several other vital bearing re- 
quirements are needed in modern equipment. 
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Ability to carry radial loads, thrust loads or 
both together in any combination is one of the 
most important of these. Ability to hold mov- 
ing parts permanently in alignment is another. 
Then of course there is the reduction of friction, 
although this quality is common, in varying 
degrees, to all anti-friction bearings. 


The tapered roller bearing was introduced by 
The Timken Roller Bearing Company nearly 
50 years ago and today is universally used 
Ee" throughout industry and transportation. Every 
Ss. genuine Timken Bearing is unmistakably iden- TRADE-MARK REG. U. 8. 


tified by the trade-mark “TIMKEN” steuped TAPERED ROLLER BEARINGS 


on cup and cone, 
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Massachusetts Institute of Technology 
CAMBRIDGE, MASSACHUSETTS 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


offers the following Professional Courses 


SCHOOL OF ARCHITECTURE AND PLANNING 
Architecture City Planning 
SCHOOL OF SCIENCE 













Chemistry 

Food Technology 

Food Technology — Five Year Course 
General Science 

Geology 








Mathematics 
Options: Pure and Applied Mathematics 
Industrial Statistics 
Physical Biology 
Physics 





Quantitative Biology 


SCHOOL OF ENGINEERING 
Aeronautical Engineering Electrical Engineering 
Building Engineering and Options: Electric Power 
Construction Illumination Engineering 
Options: Heavy Construction Electrical Communications 
Light Construction Electronic Applications 


Business and Engineering Administration Electrical Engineering 
Courses: Based on Physical Sciences Co-operative Course 
Based on Chemical Sciences General Engineering 
Marine Transportation 
Mechanical Engineering 
Options: General Mechanical 
Engineering 
Engineering Science 
Automotive Engineering 


Mechanical Engineering- 
Co-operative Course 
Metallurgy 
Options: Metallurgy 
Mineral Dressing 
Meteorology 


Naval Architecture 
and Marine Engineering 


The duration of each of the above undergraduate Courses is four academic years, 
with the exception of Architecture, Food Technology (Five Year Course), Physical 
Biology, and the Co-operative Courses in Electrical Engineering and in Mechanical 
Engineering, which extend over a period of five years. In addition to the Bachelor's 
degree, the above five year courses, with the exception of Architecture, lead also to the 
Master’s degree. 

Graduate study, leading to the Master’s and Doctor's degrees, is offered in 
Ceramics and in most of the above professional Courses. 

A five year Course is offered which combines study in Engineering or Science, 
and Economics. This leads to the degree of Bachelor of Science in the professional field, 
and to the degree of Master of Science in Economics and Engineering or Economics and 
Natural Science. 
For information about admission, communicate with the Director of Admissions. 
The Catalogue for the academic year will be sent free on request. 
























Chemical Engineering 






Chemical Engineering Practice 






Civil Engineering 
Group Electives: 
Sanitary Engineering 
Transportation Engineering 
Hydraulic Engineering 
General Engineering 










Economics and Engineering 
Options: Human Relations 
Industrial Relations 
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In our opinion they are tradition and habit. For they put 


brakes on creative thinking . . . resist change . . . cling to the 






past. They can turn out a cheap car quickly, but all you get 





is a new car, not a modern one. In the long run, when all the 






costs on maintenance and lost availability are added up, it 






can prove a very expensive “bargain.” 






At Budd, every design, every item of equipment, every 


structural requirement, is the result of a challenge to improve- 






ment. There are three objectives. A car that invites passengers 






to ride in it. A safer car. A car that provides the greatest pos- 






sible economy of time and money in operation. 
















From the standpoint of profitable operation, maintenance 
can be the key factor. While available records show wide 
variations in maintenance accounting methods, all indicate 
that quality and stamina built into a car repay their initial cost 
many times in saving of maintenance expense. 

How successfully Budd is attacking these costs is found 
in the experience of an eastern railroad which took delivery 
of forty Budd cars last Summer. Not a single Budd-built, stain- 
less steel car has failed to complete every schedule. 


The Budd Company, Philadelphia. 





Anti-derailment guide. Acts just like a 
wheel flange in case a wheel jumps 
the track, preventing a lot of damage 


and costly tie-ups. 


Lifetime maintenance 
eost of a railway ear ex- 


ceeds its purchase price 
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Briefing the News... 


Electron Beam Is Made Visible. . . 


N electron beam has been made visible by its own 

light in the General Electric Research Laboratory. 
According to Dr. C. G. Suits, G-E Vice-President and 
Director of Research, this is believed to be the first 
time this effect has been observed. 

The new observations have been made in the 
70,000,000-volt synchrotron, a new type of atom 
smasher, built in the Laboratory under a contract with 
the Office of Naval Research. It has been shown that 
visible light is literally given off from the moving elec- 
trons. Because of the dangerous X-rays emitted by the 
synchrotron, it is not possible to approach closely while 
in operation, but by means of a mirror, scientists can 
watch from behind a thick concrete wall. Inside the 
doughnut-shaped vacuum tube in which the electrons 
circle, a brilliant bluish-white spot appears. This is 
from light beamed forward from the electrons. tangent 
to their circular orbit. 

Though the effect is mainly of theoretical interest, 
the visibility of the electrons will be of use to scientists 
developing larger machines in that they can locate 
accurately, within the vacuum enclosure, the tiny 
beam as it ag higher energies. 

Previously, electrons have been detected visually 
only by indirect means, it was pointed out. When they 
strike a material such as zinc sulfide or pass through 
certain gases, a glow results, but such light does not 
come from the bombarding electrons themselves. Also, 
with a laboratory device known as the Wilson cloud 
chamber, the path of an electron appears as a thread- 
like trail of fog, but this again is indirect. Scientists 
say this method is much like telling where a boat has 
travelled by aerial observation of the wake it leaves 
behind. 

In 1944 two Russian physicists, D. [wanenko and 
I. Pomeranchuk, pointed out that radiation should 
come from the electrons moving in circular orbits in a 
betatron, another form of atom-smasher, related to the 
synchrotron. This effect, they said, would impose a 
limit on the simple betatron. Over about a hundred 
million volts, the electrons would radiate energy away 
as fast as they receive it unless proper compensa- 
tion were made. 

Calculations indicated that such an effect should be 
observed from the electrons in the 100,000,000-volt 
betatron in the G-E Research Laboratory and that 
some of the radiation should be of visible light. How- 
ever, construction of the doughnut, which is lined with 
silver, makes it opaque, thus preventing any observa- 
tion. Then it was thought that perhaps some radiation 
of very short radio waves might be detected, using 
methods developed for wartime radar. But again the 
search was unsuccessful. Dr. J. S. Schwinger, of Har- 
vard University, calculated that while there might be 
some slight emission in the microwave region, the max- 
imum amount of energy would come in the shortest 
wavelengths, either visible light or the longer invisible 
waves of infrared. 

The synchrotron doughnut, however, is lined with a 
transparent layer which is electrically conducting like 
the silver layer and carries away unwanted electrical 
charges as they accumulate. A laboratory assistant, 
however, happened to notice a curious spot of light 
inside the doughnut while the synchrotron was operat- 
ing. After checking to assure that everything was work- 
ing properly, the physicists in charge of the project 
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determined that this was actually radiation from the 
electrons themselves as they moved around in their cir- 
cular path. An intense magnetic field, from the large 


electromagnet which surrounds the doughnut, keeps 
them to this orbit. 

Electron light travels out in a beam half a degree in 
diameter, tangent to the orbit. [t comes out ahead of 
the electrons. Thus, an observer looking at the dough- 
nut from a point in the plane of the orbit, sees light 
from the electrons approaching him, but cannot see the 
light in any other part of the tube. Because of the 
curvature of the doughnut, the spot is distorted at 
present. Dr. Herbert C. Pollock, who has charge of the 
synchrotron | ey and his associates, Drs. R. V. 
Langmuir and Frank R. Elder, are preparing a modified 
doughnut with a flat quartz window through which the 
effect may be better seen. This will permit any part 
of the radiation that may fall in the invisible ultra- 
violet part of the spectrum to be photographed as 

uartz, unlike glass, is transparent to these rays.— 
eneral Electric. 


A New Shooting Star... 


A new jet-propelled P-80 Lockheed Shooting Star 
fighter plane with greater firepower and more resistance 
to battle damage has recently been developed. The 
AAF has just purchased 134 more of these very high 
speed craft for $8,681,960, bringing to 1,066 the num- 
ber of P-80’s delivered or on order. 

Known as the P-80-B, the new Shooting Stars are 
believed to have the greatest firepower of any jet 
fighter in the world. Structural improvements to the 
plane include thicker skin and stronger bulkheads in 
the nose section to provide a sturdier base for the Shoot- 
ing Star’s armament and the use of stainless steel around 
the engine for greater fireproofing against enemy 
attacks. 

Pilot ejector seats will shoot the pilot clear of the 
plane in case of trouble, and air conditioning in the 
pressurized cockpit will maintain comfortable tempera- 
tures of between 70 and 80 degrees. Radio masts and 
antenna wires have been enclosed in the new P-80 for 
the first time on any airplane. Water injection in the 
Allison-built super turbo-jet engine increases take-off 
and climb performance materially. — Army Ordnance. 


Respirator for Arctic Climates... 


A device for retaining body heat exhaled with the 
breath in extremely cold climates has been tested by 
Army Ground Forces ““Task Force Frigid” at Fair- 
banks, Alaska, and also in the Antarctic. Known as the 
“heat regenerating respirator,” this Quartermaster- 
designed equipment demonstrated a high degree of 
efficiency in tests conducted under subzero tempera- 
tures in weather chambers at the Quartermaster Cli- 
matic Research Laboratory at Lawrence, Mass. 

Metal wool absorbs the heat contained in the vapor 
expired by the breath and releases this heat to the 
inspired air. In this way, the upper respiratory tract 
and lungs of the wearer are protected against extremely 
cold air and body heat is conserved. At a temperature 
of 40 degrees Fahrenheit below zero, a person breath- 
ing a volume of 500 cubic centimeters and with a 
respiratory rate of 15 per minute may lose as much as 
480 calories in 24 hours while at rest. Under moderate 
exercise the loss for the same person would be increased 
to 1,730 calories in 24 hours.— Army Ordnance. 
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COLUMBIA'S technical staff 


explores potentials of alkaltes 





Columbia Laboratories, Barberton, Obio 


As a leading producer of alkalies and related chemical products, Columbia 
has been engaged continually in revealing their vast potentials. Modern 
facilities, such as the laboratory pictured above, provide skilled chemists, 
physicists and chemical engineers with the tools they need to discover 
new chemical products . . . to develop better, more efficient manufacturing 
methods .. . to find new ways fof others to utilize the inherent values of - 


alkalies and their derivatives. 


COLUMBIA’S TECHNICAL STAFF COMPRISES— 


RESEARCH—developing new products and new 
applications for both established and new prod- 
ucts; improvement of processes. 

DEVELOPMENT— operating pilot plants—the tran- 
sition stage from laboratory to practical applica- 
tion; consultants on special production problems. 





COLUMBIA 


PITTSBURGH PLATE GLASS COMPANY 


COLUMBIA CHEMICAL DIVISION 
FIFTH AVENUE at BELLEFIELD, PITTSBURGH 13, PENNSYLVANIA - Chicago - Boston - St. Louis 


TECHNICAL SERVICE— assisting customers in han- 
dling and utilizing products to best advantage. 
MARKET RESEARCH & DEVELOPMENT— ascertain- 
ing potentials of new markets for all products, 
introducing new products and developing new 
uses of all products. 


CHEMICALS 


Pittsburgh - New York - Cincinnati - Cleveland - Philadelphia - Minneapolis - Charlotte - San Francisco 
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SOCKETS AND SHIELDS... 


for miniature button base tubes 







These new National sockets are of mica- 
filled natural molded Bakelite with silver- 
plated beryllium-copper contacts — de- 
signed for maximum dependability and 
adaptability. The contacts — either axially 
or radially mounted and removable for 
replacement — provide short leads and low 
inductance so vital to ultra-high frequency 
design. Sockets are built to JAN specifica- 
tions — can be used with or without shields. 






















_ XOA Socket 
* with XOS-3 Shield 
and Shield Base 








Made in three sizes to accommodate the 
XOA Socket various sizes of miniature tubes, the shields 
are of nickel-plated brass, with cadmium- 
plated phosphor bronze spring to provide 
correct tension to hold both tube and shield 
in place regardless of angle or vibration. 
Shield bases are of nickel-plated brass, 
with two 4/40” spade bolts mounting both 
socket and shield base. 


You'll find hundreds of other parts, both 












XOR Socket 









FS Lt Mee new and old, to improve your apparatus in 
tube body the new 1947 National Catalog. 






(6AK5 type) 












Rational. 





XOS-3 Shield for 
2” high tube body 
(OA2 type). Also 
available: XOS-2 
for 142” high tube 
body (6C4 type) 












EST. 1914 


NATIONAL 


COMPANY, INCORPORATED 
MALDEN, MASS. 
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The M. I. T. three-million-volt 
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Two-Million-Volt X-Rays 
in the Treatment of Cancer 


By RICHARD W. SPENCER, ’49 


HE past few years have seen a great deal of develop- 
ment in radiation therapy for the treatment of 
malignant tumors. One of the more promising is the 
experimentation with x-rays of several million volts in 
the treatment of deep tumors. 

The object of any kind of radiation treatment of 
tumors is to destroy the tumor with as little injury as 
possible to adjacent healthy tissue and to the skin, 
which is particularly sensitive to x-ray radiation. This 
is often difficult, particularly in the case of deep tumors. 
With ordinary x-rays for deep therapy it is often the 
case that the dose of radiation given a deep tumor is 
determined by the maximum dose the skin or other 
tissues can tolerate rather than by the optimum dose 
needed to kill the cancer. 


EQUIVALENT VOLTAGE IN MILLIONS 
32 | 5 


3 MILUON VOLT 
X-RAY SPECTRUM 


¥ 
NY 
oO 





2 MILLION VOLT 


X-RAY SPECTRUM 
\ | MILLION VOLT 
X-RAY SPECTRUM 
VOLT 


500,000 
X-RAY SPECTRUM 


& 
D 
2 
= 
< 
Ww 
= 
loo 
Ss 
wm 
ar 





0 Q04 d2 Qao20 60028) )=6—0036)=— 0044 
WAVELENGTH IN ANGSTROM UNITS 


Electrical Engineering Department 


Figure 1. Comparison of the continuous 
Roentgen-ray spectrum produced by three-, 
one-, and half-million-volt electrons with the 
gamma-ray line spectrum emitted by radium 
in equilibrium with its products 


Conventionally available x-rays produced by 200 kv. 
suffer considerable attenuation and misdirection due to 
scattering before they reach the site of a deep tumor. 
While these difficulties can be alleviated by proper 
choice of treatment distance, field size, number of 
portals (areas of skin) through which the rays pass in 
cross-firing at the tumor, etc., far more satisfactory 
results may become possible with supervoltage radia- 
tion, with voltages of from one to four million volts. 
This is the subject of research now going on in M. I. T.’s 
high-voltage laboratories. 
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The spectral distribution of x-rays is a function of 
the voltage used in their production. For each voltage 
of the electrons striking the target there is a definite 
minimum wavelength limit to the radiation spectrum 
which is produced. X-rays of this minimum wave- 
length occur when electrons lose all their energy in a 
single collision with the target. This minimum wave- 
length \) can be computed from the Planck-Einstein 
relation 

eV =he/ , 
where e is the charge on an electron, V is the accelera- 
tion voltage, h is Planck’s constant, and c is the velocity 
of light. For one-million-volt rays, \>=0.0124 A, and 
for two-million-volt, radiation, )»=0.0062 A, where 
one Angstrom unit, A, is 1 X10™!° meters. 

Most of the electrons lose their energy not in one 
collision, but in a series of collisions with the target, 

roducing a continuous spectrum of ionizing radiation. 
Boch spectra, calculated by Kramers’ formula, are 
shown in figure 1. The wavelength of maximum inten- 
sity is at about 1.4 \). This maximum corresponds to 
the most probable amount of energy lost in any single 
collision between an electron and an atom of the target. 
Some radiation is produced throughout the range of the 
softer x-rays and even in the ultra-violet, but most of 
this is absorbed by the target. 

Increasing the voltage tends to move the. spectrum 
of figure 1 toward the shorter wavelengths and increases 
the total radiant energy produced by given power on 
the target. The decrease in wavelength causes an 
increase in penetration because of decreased scattering. 


Figure 2. Diagrammatic representation of the 
spatial intensity distribution of Roentgen rays 
as a function of the voltage of the impinging 
electrons Flectrical Engineering Department 


ELECTRONS 
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TARGET SPOT 


——500 KV RAYS 


f_ 2000 KV RAYS 


__» 20,000 kv RAYS 
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Figure 3. 
volt constant potential x-rays. 
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Electrical Engineering Department 


An isodose chart for 2.0-million- 


Treatment 


distance, 100 cm. with a field of 10 cm. X 10 
cm. The filtration is approximately equal to 
that of 9 mm. lead 


Radiation room of the three megavolt x-ray 
generator. Over 150 complete treatments were 


given at this experiment station during 1946 
Electrical Engineering Department 








The radiation of two-million-volt x-rays filtered by 
a few mm. of lead is nearly equivalent in penetrating 
power to the gamma rays emitted by radium in equi- 
librium with its products. Very little radiation cor- 
responding to energies of less than 200 kv. is left 
unabsorbed by the target and filter system. For com- 
parison, a gamma-ray spectrum of radium is included 
in figure 1. 

The radiation at the target is not uniform in all 
directions. Referring to figure 2, we see that for low 
voltages the intensity is greatest almost perpendicular 
to the direction of the fs beam; at 500 kv. the 
intensity maximum is forward at about 40° from the 
direction of the electron stream; at two million volts, 
the maximum is directly forward, with the half-intensity 
points 30° from the maximum; at 20 million volts a 
narrow beam is formed with about 414° between maxi- 
mum and half-intensity points. 

At voltages of less than 200 kv., absorption and the 
spatial distribution just described make necessary the 
use of reflected transverse radiation, while at a half 
million volts and higher the forward-directed rays are 
useful. Because of diminishing beam width, energies of 
more than 20 million volts are less useful, as no appre- 
ciable area can be irradiated uniformly. 

With supervoltage radiation, the maximum effect 
is not at the surface of the body where the x-rays are 
most intense,:-but at a depth. At potentials of several 
million volts, the x-rays incident on tissue-like material 
are absorbed principally by the Compton process, in 
which electrons are accelerated. These high-energy 
electrons accompany the x-rays forward into the tissue, 
producing many low-energy electrons along their path 
as they are stopped. These low-energy electrons cause 
the biological effects. The density of these electrons is 
greatest at some distance below the surface, where the 


(Continued on page 336) 


Figure 4. .An isodose chart similar to that of 
Figure 3 with the change of the field size to 
one-quarter of the original area. The field is 
now 5 cm. X5 cm. Electrical Engineering Department 
WIDTH OF FIELD IN CENTIMETERS 
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Gas Turbines 


By WILLIAM R. HAWTHORNE 
Associate Professor of Mechanical Engineering 


Editor’s Note: William R. Hawthorne is a graduate of Cambridge University, 
England, and received his Sc.D. in the Chemical Engineering Department, Massa- 
chusetts Institute of Technology. He was development engineer with Babcock & Wilcox 
Company, England, for three years. At the outbreak of war. Professor Hawthorne 
joined the Royal Aircraft Establishment and was loaned for a year to Power Jets 
to do their combustion chamber development and then became head of the Gas Turbine 
Division of the Royal Aircraft Establishment. Later, after spending one year in the 
British Air Commission, Washington, D. C., Professor Hawthorne returned to England 
to become Deputy Director in Charge of Engine Research at the Ministry of Aircraft 
Production. In 1946 he joined the faculty of the Massachusetts Institute of Technology 


as an Associate Professor of Mechanical Engineering. 


Histgrical Background 

Bape idea of the gas turbine power plant must have 

occurred to many minds at the time when the early 
steam turbines were being built. But a few simple cal- 
culations together with the results of some experiments 
on compressors and on materials convinced engineers 
that any such plant would be uneconomical. This 
conviction was held, with few exceptions, until about 
1930, by which time two things had happened to make 





Figure 1. The Rolls-Royce ‘‘Derwent’’ 


the gas turbine more practicable. One was a growing 
development of materials with good mechanical prop- 
erties at high temperatures. The other was the blossom- 
ing and maturing of the new science of aerodynamics 
which offered techniques by means of which the effi- 
ciency of compressors and turbines might be materially 
improved. Each of these developments assisted the 
other. Any increase in the efficiency of the components 
increased the thermodynamic efficiency of the cycle and 
reduced the temperature required at inlet to the turbine 
for a certain work output. Any increase in the tempera- 
ture allowable in the turbine, as a consequence of im- 
provements in materials, increased the specific work 
output and the cycle efficiency. 

There was little doubt about the type of thermo- 
dynamic cycle which found most favor. Although 
Holzwarth in Germany had spent much effort in an 
attempt to develop a power plant with a constant vol- 
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ume cycle using turbines’ and turbo-compressors, this 
was soon dropped. The constant-pressure cycle* with 
its steady flow offered advantages in simplicity, lack of 
vibrations, and compactness. 

It is these features of simplicity and compactness 
which first attracted engineers doing research on air- 
craft propulsion to the gas turbine. Later Frank 
Whittle added his invention of turbo-jet propulsion 
with its even greater simplicity and light weight. 

The Brown Boveri Company in 
Switzerland did most in the early 
1930’s to convince engineers that the 
gas turbine was a practical power 
plant. The compression part of the 
cycle was the least efficient. Up to 
this time rotary compressors had 
efficiencies of the order of 60 per cent, 
which was far too low for an econom- 
ical gas turbine. In 1902 Sir Charles 
Parsons had built a compressor 
which had fixed and moving blades 
like a turbine. The performance of 
this axial compressor was not suf- 
ficiently encouraging for further 


* In the simplest form of the constant 
pressure cycle the air is first compressed 
and then heated. After heating the air is 
expanded in the turbine which drives the 
compressor and also i external 

wer. The flow is steady. Improvements 
in the thermodynamic performance may be 


Thornton Laboratori i M 
ri oh one? obtained by using heat-exchangers. 


Figure 2. An F.2 jet propulsion engine 


Institution of Mechanical Engineers, London 






































































































































Institution of Mechanical Engineers, London 


Figure 3. Jumo 004 compressor with disk 
construction and shrouded stators 


development at the time. In the early 1930's, using 
airfoil theory as the basis of the design, the: Brown 
Boveri Company started building axial compressors for 
gas turbines. They obtained efficiencies of over 80 per 
cent at pressure ratios of 4:1. This attainment and the 
use of materials possessing good strength at 1200° F. 
made the gas turbine a ope power plant. 

It is in aircraft propulsion that the gas turbine has 
made the most spectacular advance. As a turbo-super- 
charger it was first tried by the British, French, and 
Americans during 1914-18. Fortunately no very high 
efficiencies were essential for the compressor and the 
turbine in the turbo-supercharger; its development 
depended on the advances in materials and in bearing 
design. The success of the G. E. turbo-supercharger is 
primarily the result of dogged perseverance with 
mechanical and metallurgical problems. 


The Turbo-Jet 


The first gas turbines to fly were turbo-jets fitted 
with centrifugal compressors. A diagram of the arrange- 
ment of the first British and American engines, figure 11, 
shows clearly the basic similarity to the turbo-super- 
charger with the combustion chamber replacing the 
cylinder and the jet the propeller of the conventional 
power plant. Simplicity and low weight are striking 
features of the design. The Derwent V, latest Rolls 
Royce engine in service, figure 1, develops 6,000 hp. in 
flight at 600 mph. and weighs just over 1200 lbs. Its 
compressor has a pressure ratio of 4:1 at sea level and 


Figure 5. A high-speed cascade tunnel 
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an efficiency over 75 per cent. Normally jet engines are 
not rated in horsepower but in thrust, which varies 
little with forward speed. On this basis the engine 
weighs about 0.3 lb. per pound thrust and consumes, 
on the test bed at sea level, just over one pound of fuel 
per hour per pound of thrust. 


Axial vs. Centrifugal Compressor 


The axial compressor seems to offer some 10 per cent 
more efficiency than the centrifugal. It has about one- 
third the frontal area for the same air flow as the cen- 
trifugal, but it is longer and more expensive to make. 
These differences may be seen by comparing figure 1 
with figure 2, which shows an early turbo-jet with an 
axial compressor manufactured by Messrs. Metropoli- 
tan-Vickers Ltd. 

The views of the German Jumo 004 compressor, 
figures 3 and 4, show the similarity between the axial 
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Figure 4. View of stator and blades for 
Jumo 004 compressor 


compressor and the turbine. In the turbine air, is 
deflected and expanded; in the compressor it is deflected 
and diffused. Because it is difficult to turn air round a 
corner and reduce its velocity at the 
same time without incurring losses, 
the air turning angles in the com- 
pressor may not be more than 30°, 
whereas in a turbine they are of the 
order of 100° and more. This means 
that the pressure rise per stage of 
moving and fixed compressor blades 
is very much less than the pressure 
drop in a turbine stage. Conse- 
quently, the compressor always has 
more stages than the turbine. 


Aerodynamic Research 
Just as wings are developed in a 
wind tunnel, so compressor and tur- 
bine blades are studied in the cas- 
cade tunnel, figure 5. Here the 
effect of different airfoil shapes, 
spacing, setting angles, and Rey- 
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nolds and Mach numbers on the 
turning angles and losses are deter- 
mined. Many such tests have been 
done in the past on steam turbine 
blades. The cascade test results 
show that the use of blades shaped 
more like airfoils might be profitable 
in gas and steam turbines as well as 
in compressors. This requirement 
conflicts with another, namely that 
the blades should be thickened to 
stand the centrifugal and torque 
loads. 
The Combustion Problem 

It is now well known that the 
combustion of the fuel and subse- 
quent production of a uniformly 
heated stream of gas is a major prob- 
lem in the aircraft power plant. In 
many engines, combustion occurs in 
a number of pipes arranged sym- 
metrically about the rotor axis, fig- 
ure 1. In others, figure 2, the com- M26 
bustion chamber is the annular duct “~ 
between the compressor discharge and the entry to the 
turbine nozzles. 

One of the problems in the combustion process may 
be likened to that of keeping a match alight in a 60 mph. 
wind. The high velocity arises because of the need for 
keeping the dimensions of the combustion chamber 
small. Just as the pipe smoker solves this problem by 
cupping his hands to form a stagnant region in which 
his match can burn, so baffles are arranged to form an 
eddying wake into which fuel is injected. To achieve 
rapid combustion the liquid fuel is sprayed in fine drop- 
lets into just enough air to burn it completely. Rapidly 
turbulent mixing of the remainder of the air with the 
flame is then required in order to reduce the tempera- 


Figure 7. Failure of turbine 
blade, 0.8 inch chordal width: 
side view 
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fracture 
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Figure 8. Failure of turbine 
blade: end view showing 
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Figure 6. Engine arranged on the test bed for the acceptance test 
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ture to a uniform value low enough for the turbine 
blade materials to withstand. This mixing must not be 
so rapid that it chills the flame or so slow that the flame 
becomes smoky and long. 

Another problem is that the velocity of the air 
entering the combustion chamber is unlikely to be uni- 
form. Any asymmetry will cause local overheating of 
the thin sheets forming the walls. These and many 
other troubles have to be overcome by hours of patient 
trial and error on the test rig. 


Matching of the Components 


In developing a gas turbine, it is desirable to test 
all the components separately before assembling them 
into a complete engine. This prac- 
tice shows up any mis-matching be- 
tween the turbine and compressor. 
Often it is not possible to find enough 
air or power to do this,* and the 
engine has to be run without previ- 
ous testing of the components. Then 
serious difficulties may arise if the 
turbine is not the right size for the 
compressor. If the turbine is too 
small, high temperatures are re- 
quired to enable it to drive the com- 
pressor, or the velocities in the com- 
pressor may be reduced to the point 
where the blades stall and the flow 
either pulsates or the efficiency de- 
creases so much that the engine can- 
not be run. If the turbine is too 
large, the temperature decreases 
appreciably below the design value 
and the output of the work or 
thrust is reduced. 


Engine Testing 
Once the components are assem- 
bled in the form of an engine the 


* Air consumption of gas turbines is 
measured in pounds per second. A turbo- 
jet of 4,000 lbs. thrust consumes just over 
80 lbs. of air per second. Powers are meas- 
ured in thousands of horsepower. Quite a 
small jet engine may need 5,000 hp. to 
drive its compressor. 
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final stage in the development of the engine starts. 
This is a most important stage in the development of 
an aircraft engine, for it is on the test bed and in flight 
test that the design is matured. Some ten to twenty 
thousand hours, or more, of test running are generally 
required for this process, involving perhaps fifty or one 
hundred engines of the same basic design, before the 
“type” can be released for service. Even then modifica- 
tion and development is not completed but continues 
throughout the useful life of the engine. 

The test bed for a turbo-jet engine is comparatively 
simple, figure 6. The engine is mounted in a cradle sus- 
pended by four rods from the roof. The thrust is meas- 
ured by a spring balance or hydraulic piston incorpo- 
rated in the connection between the freely swinging 
cradle and a post fixed to the floor (shown on the left in 
figure 6). Accurate measurement of fuel flow and gas 
pressures and temperatures at key points in the engine 
are required. Measurement of airflow is desirable and. 
may for instance, be achieved by hermetically sealing 
the engine test cell except for a calibrated orifice, 
through which air may enter, and an aperture for the 
discharge of the jet. 


Figure 10. The appearance of fatigue fracture 
at the root of the vane of the impeller 
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Engineers, seeing a turbo-jet on test for the first 
time, are often amazed by the lack of vibration. This 
is so small that it was at first necessary to attach a 
mechanical vibrator to the instrument panels of jet 
aircraft in order to overcome the slight friction present 
in some instruments. When flying in a turbo-jet air- 
craft there is comparatively little noise so that it is 
possible to hear the engines of a neighboring aircraft. 
Other attractive features are the simplicity of the con- 
trol system, ease of starting, the almost negligibly small 
consumption of lubricating oil and the absence of any 
special cooling air supply or radiator. 


Mechanical Problems 

While some of the engine testing 
time is devoted to measuring the per- 
formance of the engine and the effect 
of modifications on the performance, 
the major portion of the time is de- 
voted to finding and overcoming 
mechanical weaknesses which may 
limit the performance or its further 
improvement. Mechanical problems 
of the gas turbine arise due to creep 
at high temperatures, thermal dis- 
tortion, bearing development, and 
lubrication, seals, controls and to 
fatigue due to the fluctuating aero- 
dynamic loads on vanes and blades. 
Those peculiar to the gas turbine are 
creep, distortion due to differential 
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Figure 11. 
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Figure 9. Impeller wrecked through fatigue 
failure during tests 


thermal expansion and fatigue. For the short life 
required for an aircraft engine, creep problems can be 
overcome by comparing calculated stresses with creep 
strengths and by cooling at critical points, such as the 
rim of turbine discs. The fatigue problems are more 
serious. If the designer has made every effort to reduce 
weight, the aerodynamic loads on vanes and blades will 
be high. Because each rotor vane or blade is required 
to pass through the wake or disturbance caused by a 
stationary nozzle or vane, the loads are not steady but 
fluctuate in a manner which is difficult to predict. 
Should the frequency of passage of the blade through 
these disturbances coincide with one of the natural 
frequencies of vibration of the blades, the magnitude 
of the fluctuating stress may rise to an intolerable 
value and failure of fatigue may occur, figures 7-10. 
The existence of this possibility has long been known 
to steam turbine designers who have used shrouds and 
lacing wires to hold the blades at various points along 
their length and thus dampen out vibrations. Aircraft 
gas turbine designers prefer not to use such devices 
because they interfere with the air flow and, in the case 
of shrouds, add weight at the tip of the blades, thereby 
increasing the centrifugal stresses. Both of the failures 
shown in figures 7 and 10 occurred because of resonance 
between the fluctuating aerodynamic loads and the 
natural frequency of the vane. The cure is to alter the 
natural frequency of the vane, generally by thickening 
it, so that it could not be in resonance with any of the 
major fluctuations in the aerodynamic forces. 


Turbine Propeller Engines 


The advantages of the gas turbine for propeller 
drive are that it considerably reduces the fuel consump- 
tion required in a given flight compared to that for the 

(Continued on page 348) 


A simple centrifugal jet unit Institution of Mechanical Engineers, London 
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THE BIRTH OF THE PLANETS 





By PETER B. NEIMAN, °49 


NE of the most fascinating branches of astronomy 

is that dealing with the evolution of celestial 

bodies. It is the science which tries to calculate the 

evolution of nebulae into stars, and of stars into plane- 

tary systems. The evolution of nebulae into stars has 

already been discussed,’ and we shall turn now to the 
evolution of the Solar System. 

Astronomers feel certain that the present Solar Sys- 
tem is the result of a definite evolutionary process, since 
it displays a number of characteristics which are too 
neat and orderly to be the workings of chance. How- 
ever, there is no one theory of how the Solar System 
arrived at its present state that is accepted bv all 
astronomers. There probably will 
never be one, because of the highly 
speculative nature of a theory deal- 
ing with what happened 10, years 
ago, where n is any large number. 
There are, however, three theories that 
can fairly accurately explain such 
phenomena as the fact that all the 
planets lie in nearly the same plane, 
that they all revolve around the sun 
in the same direction and that all the 
orbits are nearly circular ellipses. 

The first of these theories is the 
Laplace Nebular Hypothesis. It is 
based upon the assumption that the 
sun was once a highly diffuse body. 
which had a radius extending at least 
to Pluto, the farthest of the planets. 
By mutual gravitation, this nebulous 
mass began to contract. If it had an 
initial rotary motion, it would have 
had to spin faster as it contracted, in 
order to conserve angular momen- 
tum. There would come a time when —. 
the outer edge would spin fast enough Tidal effects of 
to counteract gravity, and would thus 4 e"counter of 
be left spinning in space, while the '¥9 Stars 
inner material went on contracting. As the sun shrunk, 
it would then leave a number of rings of matter in 
space. After a while, the gravitational attraction of 
the various segments would pull all the parts of it 
together in the form of a spheroid, revolving in the 
path of the ring, the so-called planetary orbit. 

The theory does explain most of the observed facts 
about the Solar System, but there is one serious draw- 
back. That is that the measured angular momentum 
of the Solar System, and the calculated momentum for 
such a system when it had a radius greater than the 
distance from the sun to Pluto, do not agree. Since 
the theory assumes that little or no mass 2 left the 
system since its beginning, the discrepancy in angular 
momenta is a challenge to its validity. 

The second theory is the Planetesimal Hypothesis. 
It postulates the close approach of another star with 
the sun, rounding the sun in an essentially hyperbolic 
orbit, so that the time lapse while it passed the peri- 
helion point, or point of closest approach was of com- 
paratively short duration. To visualize what would 


See T. E. N., May, 1946. 
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Figure 2. Formation of a spiral according to 
Chamberlin and Moulton 


happen, refer to figure 1. Let S,’ be an early position 
of the foreign star S’ on its hyperbolic relative orbit, 
and let P and P’ be two particles ejected from S in 
directions toward and away from S’. These particles 
have departed almost radially from S, and if left to 
themselves would fall directly back. But S’ continues 
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Sir James H. Jeans — The Stars in their Courses 


Figure 3. The sun and planets drawn to scale 


The planets are arranged in order from the sun, and we see 
how their size increases until Jupiter is reached and then dimin- 
ishes again. Only the sizes, not the distances, are drawn to scale. 
If the distances were to scale the earth would be 11 yards, and 
Pluto a quarter of a mile, away from the sun. 


swiftly in its orbit and soon occupies the position S,’. 
Its attraction upon P and P’ will then be in the direc- 
tions PA and P’A’ respectively, and its effect upon the 
motion of these particles relative to S may be deter- 
mined. Thus draw PC and P’C’ equal and parallel to 
SB, the acceleration produced by S’ in S. Complete 
the — ams PCAD and P’C’A’D’ upon the diag- 
onals PA and P’A’, taken of such length as to represent 


(Continued on page 356) 
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Phytohormones 


By HARRISON C. WHITE, ’50 


ARTHENOCARPIC fruit — seedless tomatoes, 

and even seedless watermelon — is now being pro- 
duced by treatment with plant hormones in the labora- 
tory, and perhaps will soon be available commercially. 
The number of other applications of plant hormones, 
which will be discussed at the end of this article, is 
large and growing. Have all these applications been 
discovered by chance? No: they have been worked out 
as a result of fundamental, planned research on plant 
growth. Not only does this research have much prac- 
tical application, but it is fascinating in its own right, 
for what could be more interesting than the study of 
growth, and hence life? 

Before we go on to a detailed consideration of plant 
hormones or, if you please, phytohormones, it would be 
well to define the term “hormone” precisely. An 
authority in the field gives the following definition: “‘A 
hormone is a substance, or chemical messenger, which, 
transported through the body, determines the growth 
or function of parts remote from its origin.” A char- 
acteristic of almost all hormones is that they act in 
minute, sometimes very minute quantities. Of course, 
external growth factors are very important in deter- 
mining the growth of a plant, but we shall assume that 
such external factors are held constant so that we can 
study the effects of internal factors alone. 

Even a few centuries ago men like Agricola had 
vague conceptions of substances moving through the 
plant, ci atte growth. In 1758 Duhamel du Mon- 
ceau performed numerous experiments which led him 
to believe that there was a definite stream of growth 

romoting substances moving through the plant, regu- 
ating growth. In the late nineteenth century Sachs 
experimentally developed a concept of special organ- 
forming substances which were polarly distributed. 
Soon tropisms, the movements of plants under external 
stimuli, came to be regarded as growth»phenomena 
brought about under hormonal influence. During the 
last half century hundreds upon hundreds of papers 


Curvature of split stems of etiolated pea seed- 
lings in auxin solutions. Concentrations, left 
to right: 6.45, 2.15, 0.645, 0.215, 0.0645 and 
0 mg. of indole-3-acetic acid per liter. Photo- 
graphed after twelve hours in solutions 


Maemillan Company 
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Rooting of lemon cuttings. Upper row, eight 
hours in tap water; lower row, eight hours in 
indole-3-acetic acid (highest non-toxic concen- 
tration, 500 mg. per liter). Photographed 
seventeen days after treatment 


have been published upon different facets of this huge 
subject. 

The classic plant in the study of plant hormones 
has been the Avena (oat) coleoptile ever since Charles 
Darwin made the first serious study of plant growth 
using it. The Avena coleoptile is the young shoot of 
the oat plant. It consists of a seed leaf, a root system, 
and a cylindrical, hollow stem with a solid tip, the 
coleoptile, in which is enclosed the developing primary 
leaf of the plant. The basic experiment is carried out 
as follows: The tip of the coleoptile is cut off; growth 
slows down in it, while a control coloeptile continues 
to grow at the normal rate. The tip of the decapitated 
coleoptile is placed on an agar block for several hours. 
The agar block is then put on the decapitated coleop- 
tile, which promptly resumes normal growth, while a 
control decapitated coleoptile which has had a pure 
agar block placed on it grows very little. Therefore 
growth must be caused by a diffusible substance ema- 
nating from the tip of the coleoptile. A refinement of 
this experiment consists of placing the agar block con- 
taining the growth substance on one side of the coleop- 
tile only, usually pulling loose the primary leaf and 
leaving it projecting as a brace; the side under the agar 
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gets practically all the growth substance and hence 
grows normally while the other side scarcely grows at 
all; in this way the coleoptile curves toward the side 
which has no growth promoting substance. Of course, 
for the sake of accuracy, the coleoptiles must be grown 
under constant conditions and used ‘always at the same 
age. The other two principal tests for growth-promot- 
ing substances are the split pea test, in which the degree 
of curvature of split pea stems grown in solution con- 
taining growth substances is measured, and the straight 
growth test, in which the straight growth of very short 
sections of coleoptile mounted on the teeth of a comb 
placed in Rieticn containing a growth substance, are 
measured under the microscope. 

So far we have been talking glibly of “growth sub- 
stance.” We now seem justified in calling this “growth 
substance”’ a plant hormone, for it satisfies our defini- 
tion. Let us furthermore call this plant hormone which 
comes from the coleoptile tips an “‘auxin.”” We have 
so far shown auxin to exist only in one plant, the oat 
seedling. Does it occur anywhere else? Yes: investiga- 
tion has shown that there is present in all the higher 
plants which have been studied a substance which is 
an auxin because it produces growth in the oat seedling 
and has all the other properties of auxin. Furthermore 
it has been shown that many animal 
secretions, particularly human urine, eas 
are a very rich source of auxin. We th 
have seen that auxin is present in 
probably all higher plants; where is 
it located in the plant itself? Investi- HC. 
gation has revealed that in older 
growing plants auxin is formed in én 
the growing tips or buds, and also ’ 
in young leaves, its concentration 
decreasing with increasing distance 
from the tip. In the very young 


plant, however, auxin has been | | 

shown to be present in an inactive or CH 
M 7 

precursor state in the seed, whence \Z4 \né 


it moves up to the growing tip where 


An illustration of the relationships of the organs 
of a plant. Arrows indicate in which organ a 
specific substance is produced and the region to 
which it is translocated in order to perform its 
function. The sugars coming from the mature 
leaf are not shown. In downward sequence are 
indicated: apical bud, growing stem, growing 
leaf, mature stem, mature leaf, and root system 
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Diagrammatic summary of procedure in an 
Avena test. A, intact; B and C, decapitated; 
D and E, decapitated for the second time 
(primary leaf protruding); F, primary leaf 
pulled loose; G, application of the agar block 
containing auxin; H, showing the resultant 
curvature 
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C,H,CH—C—— C—CHOHCH, CHOH), COOH 
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Plant Physiology 

Above, auxentriolic acid (auxin a) according to 
Kégl, Haagensmit, and Erxleben. Below, left to 
right, its resemblance to various compounds is 
indicated by a comparison with indole-3-acetic 
acid, indene-3-acetic acid, benzofuran-2-acetic 
acid 
it is activated, this process continuing until the young 
plant is able to synthesize its own auxin. One very 
important fact to remember about auxin is that only 
a small fraction of it is in the active, free-moving 
state in which it diffuses into agar; instead most of the 
auxin in tissues is in the “bound” form. It seems prob- 
able that the growth of the plant is controlled not by 
the actual rate of auxin production, but by the rate of 
conversion into the active form. This hypothesis 
would make it much more easy to explain why plants 
start to grow at a furious rate in the early spring, and 
then abruptly stop at the beginning of summer when 
one would think the external conditions were just right 
for the production of both auxin and structural mate- 
rials; it would also help to explain the formation of 
large nodules and galls on plants by certain types of 
fungi; i.e., the fungi would convert all the inactive 
auxin over to the active form. 

We have seen that there actually is such a thing as 
a growth hormone; can we isolate it and discover its 
chemical properties? Even at the beginning, the pioneer 
workers were able to tell a number of things about 
auxin: from its diffusion rate, a molecular weight of 
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The terminal bud of the seedlings shown above has been removed, 
permitting considerable growth of the lateral bud 


In this set of seedlings, auxin paste has been applied to the stump 
left by the terminal bud, greatly inhibiting the growth of the 
lateral bud 


between 300 and 400 was estimated, 
and it was also determined that 
auxin was heat and light stable. 
These observations were later con- 
firmed when two biochemists, 
Haagen-Smit and Ké@gl, isolated 
pure auxin. At first the two 
workers tried to isolate the substance 
diffusing from the coleoptile but 
gave it up as too slow a process. 
Then they discovered that human 
urine was a rich source of auxin and 
succeeded in working up a few hun- 
dred milligrams of pure substance 
which they called auxin “a.” In 
order to confirm their work they 
also isolated auxin from germinating 
barley and from corn-germ oil in the 
form of both auxin “a” (auxentri- 
olic acid) and auxin ‘“‘b” (auxeno- 
lonic acid). The empirical formula of 
auxin ‘“‘a”’ is CjgHxO; and of auxin 
“‘b” CisH 3004. Their structure was 
shown to be (see next page): 
Auxin “a” 
Auxin ‘‘b” 

Kégl and Haagen-Smit furthermore 
discovered that a much more com- 
mon substance, indole-3-acetic acid, 
had the same effect on plant growth 
as auxin. Since that time quite a 
large number of substances have 
been shown to have growth promot- 
ing activity: among the chief ones 
are a great many of the derivatives 
of indole acetic acid, and a large 
number of other unsaturated ring- 
containing acids such as the acetic 
derivatives of indene, naphthalene, 
anthracene, thiophene. The esters 
and amides of these substances also 
have some activity, probably be- 
cause they are hydrolyzed in the 
plant into the corresponding acids, 
which alone seem to be the actual 
hormones. Indeneacetic acid is of 
theoretical importance because it is 
not readily transported through the 
plant like the other auxins, although 
it is locally active. Dichloro-phe- 
noxyacetic acid and a-Naphtha- 
leneacetic acid are stable and cheap 
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enough to be of use commercially in horticulture. Orig- 
inally it was thought that auxin “a” and auxin “b” 
were the only naturally occurring auxins, but now 
it seems that indole-3-acetic acid is the most com- 
mon auxin, since it has been actually isolated from 
maize and shown to be present in a number of other 
higher plants. It is vonciies seen why this should be so 
when you realize that indole-3-acetic acid is very closely 
related to tryptophane, a normal amino acid which 
plants must produce anyway for proteins. 

The transport of auxins is of primary importance 
and therefore has been much studied. [t was found 
‘that, contrary to what one might expect, the auxins are 
transported through the whole parenchyma and not 
just the vascular bundles. One of the most interesting 
properties of auxin transport is its strict polarity: active 
auxin moves only from apex to base unless very high, 
unphysiological concentrations are present. This polar- 
ity is not just due to gravity; for instance weeping 
willow twigs, which are always inverted, still are strictly 
polar as regards auxin transport. Then again, if a 


young, growing plant is placed in a horizontal position, 
the stem bends and grows upright again. This phe- 
nomenon is quite plausibly explained if we assume that 
pets causes more auxin to be concentrated in the 
ower side than the upper. That more auxin is actually 
concentrated in the lower side than the upper side of a 
horizontal stem was demonstrated in two independent 
investigations which showed that 62.5 per cent of the 
diffusing auxin came out of the lower half of a horizontal 
stem and 37.5 per cent out of the upper half. The lower 
half will obviously grow more than the upper half, 
this situation producing a curvature which continues 
until the stem tip is vertical again. One other possible 
explanation of geotropism was brought forth when it 
was discovered that the pH of the lower half of a hori- 
zontal stem was 0.1 unit more acid than the pH of 
the upper half; hence it might be assumed that more 
free auxin would be present in the acid half. This 
latter suggestion is now considered unlikely, though, for 
a number of reasons. Since the relative concentrations 
of auxin in horizontal stems is the same in different 
types of plants, it is assumed that 


CHs CHs there is one basic mechanism which 

fm brings about this geotropic distri- 

bution. The best theory of the 

CH;CH:CH CH CH-CH-CH2-CHs nature of this mechanism rests on 
H H iH the observed fact that across hori- 

_—c¢cc" coc — ~ zontally placed plant organs there 

CH=C CoH CH OH CoH CO OH develops a potential difference of 

; five to ten millivolts, the upper side 
Auxin a always being negative with respect 
to the lower side. This potential 

CH; CH: CH; might tend to concentrate auxin in 


CH;3-CH.-CH-CH 
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CC! =C-C— 
Auxin J H OH 
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section of a coleoptile is cut out, and another section 
put in the place of the first, auxin will not move across 
the inserted section if it has been inverted. How is this 
polarity brought about? No one knows. There are a 
number of theories concerning the mechanism of the 
action, none very satisfactory. Some investigators have 
tried to tie up the movement of auxin with the stream- 
ing of cell. protoplasm, and in this way it is possible to 
account for the relatively high velocity of auxin trans- 

ort, about 15 mm/hour — several times that possible 

y diffusion alone. However, neither this hypothesis 
nor the one which assumes that auxin moves between 
the faces of the cell walls at the high velocity associated 
with such movement explains the polarity of auxin 
transport. Since it was known that acid organic dyes 
moved primarily toward the roots, which are slightly 
positive electrically with respect to the stem, for a long 
time it was believed that the polarity might be of an 
electrical nature. However, it has since been shown 
that it is possible to destroy the electrical polarity of 
the coleoptile without eliminating auxin transport 

larity and vice versa. Hence, we are for the present 
eft without any adequate explanation of the funda- 
mental and important phenomenon of auxin transport 
polarity. 

Tropisms, the movement of plants under external 
stimuli, have been perhaps at least as well explained by 
the auxin theory of plant growth as any other set of 
phenomena. Geotropism, the movement of plants under 
the influence of gravity, is one which all of us have en- 
countered. The basic phenomenon is that when a 
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CH-CH-CH.-CH; 


-CH,2-CO-CH:-COOH 


the lower side, although it has never 
been proved conclusively that auxin 
is affected by electrical potentials in 
the plant. 

Phototropism is the other prin- 
cipal type of tropism. The funda- 


A longitudinal section through Avena seedling 
after thirty hours’ germination, at the begin- 
ning of the period of rapid elongation 
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Interaction of factors causing root formation in Pisum cuttings. 
Ordinate, roots per ten plants; abscissa, concentration (log. 
scale) of the factor which is limiting root formation 


mental phenomena involved are the bending of a plant 
toward light, and the bending of leaves from shade into 
light. Phototropic responses are much more. compli- 
cated to study than geotropic responses; for one thing 
the amount and even the sign of the phototropic curva- 
ture varies in at least two cycles with changing light 
intensity, the maximum curvatures occurring at 200, 
20,000 and above 100,000 meter-candle seconds. Fur- 
thermore, the unilateral illumination need be applied 
for only a short time in the case of phototropism for 
there to be noticeable effects, and these effects continue 
for up to six hours after exposure, while in geotropism 
the plant is back to normal in forty minutes, and must 
be exposed for one half hour before effects develop. 
Experimental measurements have shown that the excess 
of auxin on the dark side over that on the light side 
increases as the curvature toward the light increases; 
hence we can deduce that auxin distribution determines 
peer effects. The question is: how is this dif- 
erential developed? The answer seems to be that the 
difference in auxin concentration on the light and dark 
sides is a resultant of three effects: unilateral light 

larizes the plant cells so that auxin flows from the 
ight to the dark side; some auxin is detroyed by light 
on the light side; and, after several hours, the rate of 
auxin production on the lighted side is increased, which 
phenomenon accounts for the puzzling tendency of the 
curved stem to straighten out after several hours. The 
turning of leaves into the light is due to differential 
auxin distribution in the leaf petiole due to differences 
in the illumination of different parts of the leaf, which 
result in different rates of auxin production. 

Now we turn to root growth phenomena, where we 
shall meet different hormones. For a long time it was 
not known definitely whether or not auxin promoted 
root growth; for there were conflicting reports upon the 
subject. The truth has now been found to be that 
auxin helps root growth when present in very low con- 
centrations and hinders it at higher concentrations. In 
addition, the same thing has been found to be true for 
the effect of auxin on stem growth and bud inhibition. 
The reason behind these phenomena is not as yet known. 
One singular fact about the effect of auxin on root 
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factor X 





growth is the fantastically low con- 
centrations of auxin which have 
Fo effects upon roots. A biologist cal- 


Ghz culated that in order to dilute one 


gram of indole-3-acetic acid so that 


a Ps it would have no effect on Zea roots 


one would need about 12X10’ tons 
of water! Anether unusual phe- 
nomenon is that auxin often has a 
delayed effect in producing root 
growth. 

If auxin does not control the 
growth of roots to any great extent, 
what hormones do? The answer is 
that there are three hormones prin- 
cipally responsible for the control of 
root growth: vitamin B,, vitamin 
B,, and nicotinic acid. However, we 
cannot grow roots in a medium con- 
taining only vitamins B,, B, and 
nicotine acid, for there must be 
nutrients present; it becomes more 
and more clear the more we learn 
about plants that all the factors 
involved in growth are hopelessly 
interwoven. One plant might have 
an excess of vitamins but a defi- 
ciency of sugar; so sugar would be 
the limiting factor which would seem 
to cause growth. In another plant the situation might 
be entirely different. However, in cases where the 
external conditions are suitable and sufficient nutrients 
are available, vitamin B; and Bg plus nicotinic acid 
seem to be the factors controlling growth, even though 
they are present in very small quantities. 
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AUXIN CONCENTRATION 

Seemingly closely related to root growth is root 
formation. Here, however, concentrations of auxin 
which would be detrimental to root growth are neces- 
sary for root formation. In root formation we have an 
excellent example of a complex system of factors affect- 
ing growth. Although it was soon proved that auxin 
was necessary for root formation, it also soon became 
evident that a number of other factors were involved. 
Roots would not appear on cuttings of etiolated seed- 
lings in an auxin solution unless carbohydrates were 
added. In addition, biotin, a vitamin contained in 
yeast extract, was shown to be necessary for appre- 
ciable root formation. Furthermore, experimental work 
led to the belief that an internal factor ‘‘x” was also 
requisite for root formation: even with all the known 
factors added to a root solution the number of roots 
formed was no greater than when one of the known 
factors was absent, in certain experiments. Hence, 
plant physiologists became convinced that there was an 

(Continued on page 348) 
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The Royal Mail Ship 
Queen Elizabeth 





By GEORGE SWALLOW, ’48 


N the twenty-seventh of September, 1938, a smil- 
ing Scottish woman, watched by her family, 
broke a Reathe on the bow of a ship at Clydebank. There 
was, perhaps, nothing unusual in that, for Scotland is 
famous for ships, but this woman was the Queen of 
England, and this ship was the Royal Mail Ship Queen 
Elizabeth. 
Had things gone well, the new liner should have 
made her debut on the Western ocean two years later. 


Cunard White Star Ltd. 


A comfortable smoking room on the boat deck 





nishings for the accommodations were gathered from 
the world to the Southampton Airport. In June, the 
ship went to Southampton for outfitting, and while 
there, went in to graving dock to check her underwater 
parts. Afterward she returned to Scotland for trials 
at Arran at which the Queen of England was present. 

On October 16, 1946, the Queen Elizabeth made her 
maiden voyage under the flags of Cunard White Star. 
As she was not trying to break records, she did the 
voyage to New York from Southampton in slightly 
more than four days, the usual time required. She 
returned to Southampton on the thirtieth, and since 
then has been in regular fortnightly service. 

The Queen Elizabeth and oe sister ship, Queen 
Mary, were designed to provide two-ship weekly service 
on the Atlantic. Previously, the service had been 
maintained with three ships, the Aquitania, Beren- 
garia, and the old Mauretania. The poi represent 
the smallest possible ships which can maintain such 
service. 

The Queen Mary was laid down in 1928, but was 
held up by the depression. She was launched in 1934, 
to be followed in four years by her sister ship. 

It is interesting to compare the two ships, for the 
differences are more noticeable than the similarities. It 
should be noted that the later vessel had the advantages 
of recent developments. 

The most striking difference in the ships is that the 
Elizabeth has two funnels while the Mary has three. 
A second noticeable change is that the bow of the 
Elizabeth has a rake, while the Mary has none. This 
is due to the fact that the former carries three bower 
anchors, port, starboard and centerline, whereas the 
latter has but two. Another result of the three anchors 
is in an increase in length of 27 feet. 


However, war intervened, and on The Queen Elizabeth arriving at the Port of New York 


March 7, 1940, still incomplete, the on her maiden voyage in 1946 


Queen Elizabeth arrived in New York 
to stay with the other sea queens, 
Normandie, Aquitania and Queen 
Mary. Her stay was not long, for on 
November 13 she sailed for Singa- 
pore, Straits Settlements, to be con- 
verted to a troop transport. On His 
Majesty’s Service, the Queen Eliza- 
beth sailed over five hundred thou- 
sand miles and carried over eight 
hundred thousand men, many of 
whose initials may still be seen 
carved in her rails. 

In 1946, the Queen Elizabeth was 
returned to her owners, Cunard 
White Star Limited. Refitting was 
undertaken by John Brown, her 
builder. Because the ship was too 
large to ascend the river to the place 
of her origin, the men and material 
were brought to the ship at Clyde- 
mouth. While the mechanical refit- 
ting was being carried out, the fur- 
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The main lounge on the promenade deck 


The engineering improvements are not noticeable 


externally, except as evidenced by the one less funnel. 


The most radical change is in the steam generating 
equipment. The Elizabeth has twelve boilers in four 
boiler rooms, while the Mary has 27 boilers in five 


boiler rooms. 


The Queen Elizabeth is the largest ship in the world. 


She is also presumed to be the fast- 
est. With regard to size, there can 
be none of the claims and counter- 
claims which were so common dur- 
ing the race before the war. In 
mensions and in tonnage and in dis- 
a the Queen Elizabeth is 
arger than the next larger ship, the 
Queen Mary. The claims about speed 
are only claims, as the results of her 
trials were withheld. 

In length the Queen Elizabeth is 
1,031 feet. For comparison, the 
Queen Mary is 1,004 feet; the Amer- 
ica, 663 feet; and the old Mauretania 
was 762 feet. The Elizabeth is 118 
feet in beam, as is the Mary, which 
precludes either ship passing through 
the Panama Canal. The working 
draught is about 44 feet, the de- 
signed draught, about 48 feet. The 
tonnage of the Queen Elizabeth is 
83,673 tons, a ton here being 100 
cubic feet. Her displacement is 
roughly 78,000 tons, in this case a 
ton being 2,240 pounds. 

The ship is of riveted construc- 
tion throughout. 

For safety, both from fire and 
flooding, the Queen Elizabeth is 
divided into 12 watertight compart- 
ments by athwartships bulkheads 
which rise to “B’’ deck. There is 
also a longitudinal bulkhead amid- 
ships in way of the generator rooms. 
Throughout the rest of the ship, 
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longitudinal bulkheads are arranged 
to be non-watertight. 

The propelling machinery of the 
Queen Elizabeth consists of 16 tur- 
bines geared to four shafts, the ma- 
chinery for each shaft being inde- 
pendent. Each unit consists of High 
Pressure, First Intermediate Pres- 
sure, Second Intermediate Pressure 
and Low Pressure turbines with 
condenser. Astern turbines are in- 
cluded within the casings of the 
Second Intermediate Pressure and 
the Low Pressure turbines. The 
gearing on each unit consists of a 
single stage reduction accomplished 
by a double-helical main gear driven 
by four pinions, one from each tur- 
bine. The units are identical, but are 
oriented differently to make the 
most of the available space. Each 
unit can develop 50,000 h.p., giving 
the ship a maximum of 200,000 h.p. 

The propelling machinery is 
located in two turbine rooms in the 
after part of the ship, the wing 
shafts coming into the forward tur- 
bine room, and the inboard shafts 


into the after room. In the forward room, the High 
Pressure and First Intermediate Pressure turbines are 
forward and the condensers inboard, while in the after 
-room, the Second Intermediate Pressure and Low Pres- 
sure turbines are forward and the condensers are 
outboard. 

The shafts are exposed in the single large compart- 
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ment from the after turbine room 
until they pierce the hull. The 
shafts are oil lubricated in the ship, 
and have water-lubricated bearings 
at the glands, where each shaft ter- 
minates in a four-bladed propeller 
of manganese bronze 18 feet in diam- 
eter and weighing 32 tons. 

Steam for the turbines is pro- 
vided by twelve Yarrow water-tube 
boilers equipped with superheaters 
and air heaters. The boilers are 
arranged fore and aft, and are side 
fired, the burners being on the cen- 
terline working alley. Each boiler j 
has seven oil burners. 

Draught is provided by the closed 
stohehatl system. This simplifies 
the equipment as the boiler rooms 
are ventilated by the same machin- 
ery which provides the draught. The 
large air circulation makes the boiler 
rooms much cooler than similar ake 
spaces in ships with other type The main restaurant on ‘‘R”’ deck 


draught. (This is a matter of per- 
The forward boiler rooms of the Queen Elizabeth. Above, a section 
through the port side parallel to the centerline. Note the six uptakes 
in a single funnel. Below, a plan view of the boiler rooms, which 
do not extend to the side of the ship, as may be seen from the plan. 
Note the centerline passage and the air locks shipbuilding and Shipping Record 
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sonal observation. The boiler rooms 
are not uncomfortable, though warm, 
even with winter clothing.) How- 
ever, the closed stokehold system 
does require some means of keeping 
the entrances air tight. On the 
Queen Elizabeth this is done by 
means of air locks at the entrances 
into the boiler spaces and on the 
centerline passage between boiler 
rooms. The gases from the boilers 
are passed through wet-type dust 
collectors to remove soot and ash 
before being discharged through the 
two funnels, 45 feet above the upper- 
most deck. 

The oil fuel is carried in side 
bunkers in way of the boiler rooms 
and in the double bottom in the gen- 
erator space. The filling stations 
and the ventilating and overflow 
pipes are so arranged that oil fumes 
cannot escape into the ship. The 
filling stations are located so that 
the ship may be bunkered in eight 
hours without disturbing plenm 
tion. This permits the turnaround 
in twelve hours to meet schedules 
in heavy weather. (When I was 
aboard her in February the fuel 
barge was along side within an half 
hour of landing. The majority of 
peorne were still aboard, and the 
ines were not yet secured.) 

The electrical system of the ship 
is unusually extensive. The hotel 
services are all electrical, as is all the 
machinery, with the exception of the 
propulsive machinery, the genera- 
tors, and the main feed pumps. 
The electricity is supplied by four 
turbo-generators located in two 
compartments amidships on “G” 
deck. Each generator consists of 
two 1,100 kw. dynamos driven in 


(Continued on page 346) 
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The Queen Elizabeth steaming down 
New York City’s North River 
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THE TENTH IN A SERIES OF MONTHLY BRAINBUSTERS 


THIS MONTH: A pair of unique problems ... 


Problem 1: A man is walking across a railroad bridge. 
When he is three-eighths of the way across, he hears a 
train coming. If the train is coming at sixty miles per 
hour, and if he can just run off either end of the bridge 
to safety before the train catches him, how fast can he 
run? 


Problem 2: A man who carries a watch in which the 
hour, minute, and second hands turn upon the same 
center was asked the time of day. He replied, “The 
three hands appear at equal distances from one another 
and the hour hand is exactly 20-minute spaces ahead 
of the minute hand.” Can you tell the time? — “*Math- 
ematical Wrinkles” by S. I. Jones. J.W.W. 


Answers to both the April and May problems are on page 342. 
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. . . the little god o° the world sticks to the same 
old way, 
and is as whimsical as on Creation’s day. 


Life might somewhat better content him, 

But for the gleam of light which Thou hast 
lent him: 

He calls it Reason, — thence his power’s 
increased 


To be far beastlier than any beast. . . . 
MEPHISTOPHELES: Faust — GOETHE. 


Another major advance is in the offing for 
the science of extinction: Glenn Martin has 
testified before a Senate Committee that the 
Army and Navy are experimenting with 
radioactive vapors capable of cancelling life 
in a large ground area for a long period of 
time. At the same time, Mr. Martin, who 
as head of Martin Aircraft is certainly in a 
position to know, told reporters that his fac- 
tories were building rockets for the Navy as 
well as guided missiles which are able to 
attain a height of 236 miles in vertical flight. 
This information is illuminating: Soon we 
will have guided missiles which can carry 
“superior” atomic bombs for tremendous 
distances, first-class ingredients for a war. 
At this same committee meeting, Senators 
and witnesses referred freely to Russia as a 
potential enemy. Navy seers are doing an 
excellent job of crystal-gazing. But do not 
think that their counterparts in the Army 
are far behind: General aa Sei recently 
created a special “Buck Rogers” plannin 
board for atomic warfare. When questione 
on his attitude toward Russia, the General 
cracked, “Firmness, patience, a sense of 
humor, and keep your powder dry.” In that 
order, we crs, 

In Europe, Winston Churchill, spiritual 
leader of a; English Conservatives, pro- 
posed his plans for a United Europe, and 
indicated that Russia and the Russian- 
dominated Eastern European nations would 
not be welcome except under conditions set 
by the movement’s organizers. His audience 
was assured that the United States would 
bestow blessings on his plan, possibly in the 
same way that it approved tacitly of another 
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Churchill speech on Anglo-American alliance 
made at Fulton, Missouri last year. 

The future is bright for those engineers 
and scientists who appreciate the nuances 
and fine points of a life devoted to develop- 
ing weapons for war. Our military has be- 
come convinced of the infallibility of their 
scientists; they are now planning policies 
based on the irrefutability of this dogma. 

Over the fog of “‘united” nations activi- 
ties frowns a war god of black and forbidding 
mien; while, relentlessly, Americans, includ- 
ing a good proportion of our “intelligent” 
engineering and scientific population, are 
being led to the guillotine. Science recognizes 
no national boundaries and moves freely 
about the world. Our opponents, real or 
anes may not be as well-developed as 
we, but we too will suffer the consequences 
of not keeping the peace. 


* * * * 


When an upright pillar of the journalistic 
world like the New York Times must stoop to 
petty word-juggling and catch-phrases on 
any matter, then it is a matter which must 
be looked into very carefully. The Times 
editorial writer flailed mightily away at 
William Green, President of the AF of L 
without convincing even himself that Mr. 
Green’s fears over the Taft-Hartley labor 
legislation were completely unfounded. 

hen a bill in effect removes all or most of 
the advantages that labor has enjoyed for 
the past ten years, then it is indeed some- 
thing for labor to worry about. The Times 
writer claims that these laws are a step 
toward equalizing labor-management respon- 
sibility. Does that include sharing the prof- 


its, along with the so-called responsibility? 


* * %* * 


Parochial schools are currently engaged 
in a dogfight for Federal aid. Does the de- 
nomination of the engineering religion 
located at M.I. T. also rate subsidy? We 
ought to be clever enough to get on this 
bandwagon for bringing state and religion 
more closely together. 


E. M. K. 
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Smorgasbord 
for 
Boilers... 


Coal, gas, and oil (fired singly or in combination) 
are regular items on today’s menu for B&W boilers. 
Occasional entrees include: grain hulls, wood chips, 
asphalt, sewage sludge, by-products of paper mills, 
steel plants and sugar mills...just about anything 
that burns. So B &W builds boilers and combustion 
equipment that burn what’s available today... 
likely to be available tomorrow ... at top efficiency. 

Helping power plants to get the most from avail- 







able fuels is only one of the things long years have 
taught B&W to do well. Industry offers examples 
of many others—proof of the imaginative engineer- 
ing at B&W. 


Through this policy of continuous development 
and research, B&W offers excellent career oppor- 
tunities to technical graduates ...in diversified fields 
of manufacturing, engineering, sales and research. 


LIBERTY STREET 


THE BABCOCK & WILCOX CO. tiw vor ey 


TWO-MILLION-VOLT X-RAYS 
(Continued from page 318) 


first high-velocity electrons have expended their energy 
and stopped. This depth is about 3 mm. for two-million- 
volt radiation, and about 3 cm. for twenty-million-volt 
rays. This is the so-called subcutaneous effect, which 
makes possible a substantially increased tumor dose 
with no increase in skin dose. 

Another important effect of increasing the voltage 
into the million-volt range is the reduction of scattering 
and absorption. At 200 kv., scattered energy consists 
largely of the softer x-rays, which have considerable 
range in tissue; while at one million volts the scattered 
energy consists principally of electrons, the range of 
which is aceesth short. 

While back-scattering amounts to 36 per cent of 
the incident radiation at 200 kv., at one million volts it 
amounts to about seven per cent, and at two million 
volts, about three per cent. This reduction of scatter- 
ing accounts for the higher depth dose which may be 
secured by radiation in the million-volt range. For 
treatment with a 10X10 cm. field at a treatment dis- 
tance of one meter, the depth dose at a 10-cm. depth 
increases from 35 per cent of the incident radiation for 
200-kv. rays to 46 per cent for one million, 52 per 
cent for two million, 57 per cent for three million, and 
61 per cent for four million volts. 

Another factor limiting treatment with x-rays is the 
exit dose — the radiation received by the skin on the 
far side of the body due to rays passing through. For- 
tunately, this dose can be reduced to safe values even 
with rays of several million volts by inverse-square-law 
intensity reduction and by absorption. At a one-meter 


(Continued on page 340) 
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Figure 5. Distribution of ionization along a 
m axis using 2.0-million-volt Roentgen rays 
at 100 centimeters distance. The filtration is 
equivalent to that of 9 mm. of lead for the cases 
of single portal, three portal, and continuous 
portal irradiation with a 5 cm. X 5 cm. beam. 
A round phantom of 20 centimeter diameter is 
utilized Electrical Engineering Department 
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NUMBER 7 OF A SERIES 


Rigid Inspection 
is the rule 


Bell Telephone equipment, being precision 
apparatus, must stand inspection during 
each stage of its manufacture. Materials 
being used in manufacture... parts in 
process... partial assemblies ...equipment 
after it is assembled and wired...all must 
be checked and rechecked to insure high 
quality of performance. 


The design and maintenance of test 
equipment for such a wide variety of 
products calls for men with technical train- 
ing and inventive resourcefulness. 


This equipment must be fast and ac- 
curate in operation, and although it may 
be complex in design and construction, it 
must be simple to operate by the average 
worker. And, to facilitate mass production, 
test equipment of many different types 
is also required. 

Here are just a few interesting examples 
of the many test sets Western Electric en- 
gineers have developed to meet these needs. 


What’s wrong with 
which wire? 
Formerly, when switchboard cables failed 
to pass inspection, it was often difficult to 
determine which conductor was causing 
the trouble and what the exact nature of 
the trouble was. Not any more. Now, 
Western Electric engineers have devel- 
oped a new test set that checks switch- 
board cables for the continuity of each 
wire... that checks the dielectric strength 
between each wire and every other wire 
and the ground shield. It automatically 
tests a cable of up to 320 conductors for 
continuity and insulation resistance in a 
total testing time of 35 seconds! If a de- 
fect is present, the faulty conductor and 
the type of defect is indicated visually. 








NY 
Looking at voices 


A new method for testing the volume 
efficiency of telephone receivers has been 
introduced since the end of the war. Now, 
the output of a 0-3000 cycle per second, 
slow sweep band frequency oscillator is 
applied to the receiver and its output de- 
picted upon a long persistence screen of 
an oscilloscope. Thus, an inspector can 
see the complete frequency response curve 
of the receiver under test and quickly 
classify defective receivers according to 
the nature of the defect. 







es — 
Find the pinhole! 

In the manufacture of coils for relays, 
ringers, etc., Western Electric uses tre- 
mendous amounts of enameled wire. The 
quality of this insulating enamel must be 
of the highest. So Western Electric devel- 
oped a “pinhole” test set which reliably 
detects the most minute imperfections in 
the enamel coating as soon as it comes 
from the baking oven. This instrument 
helps greatly in maintaining quality 
standards and in establishing satisfactory 
sources of supply. 





2 
Is it cracked on 

the inside? 
In wartime especially, a large volume of 
non-ferrous rod stock was used. Testing 
it for internal flaws became imperative, 
yet no manufacturer of such stock had 
devised any method. Western Electric en- 
gineers came through with a device to do 
the job. One that not only located objec- 
tionable cracks and determined their 
thickness but also served as a precise 
thickness gauge for such materials as 
aluminum condenser foil . . . detecting 
differences of a fraction of a millionth of 
an inch in foil nominally two hundred 
millionths of an inch thick. 


Manufacturing telephone and radio apparatus for the Bell System is Western Electric’s primary job. It calls 
for engineers of many kinds — electrical, mechanical, industrial, chemical, metallurgical — who devise 
and improve machines and processes for large scale production of highest quality communications equipment. 


Western Elecfric 
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* The first boat powered by steam, built by William Henry, and tested on the Conestoga River, near Lancaster, Pa., in 1763. 


Management and work were needed to build the first steamboat* 


Even the genius of William Henry — who 
helped emancipate man from the drudgery of 
hand labor — would have achieved nothing 
without sound management. Maker of the 
famous “Kentucky Rifle,” Henry was also an 
able inventor of labor saving machines. In 
1763, he built the world’s first steamboat, that 
later inspired Robert Fulton. Henry combined 
management ability with imagination and 
energy to build a successful business. He 
typified the qualities that has made America 
productive. 


Without able management to harness our in- 
ventive genius, and make it useful, our econ- 
omy would still be back in the stage of primi- 
tive household industries. Sound management 
has transformed scarcity into abundance... 
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has made possible a large population that en- 
joys the world’s highest standard of living. 
How far we go from here may easily depend 
upon how well everyone appreciates the old 
fashioned virtues. Even able management éan 
achieve little unless an honest day’s work is 
given for a day’s wages. 
e a ® 


Steam transportation became modern and ef.- 
ficient only when friction in moving parts was 
conquered. In this development, SUSF ball 
and roller bearings have played a major role. 
Made in many sizes and types, ELSIF bear- 
ings prove in steamships throughout the world 
that they are: 


THE RIGHT BEARING FOR THE RIGHT PLACE 


oKF 


BALL AND ROLLER 
BEARINGS 


akKF 


Puts the 
RIGHT BEARING 
in the 
RIGHT PLACE 
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SKF INDUSTRIES, INC., PHILA., PA. 
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“What is all knowledge...but recorded experience? ”—caRLyLe 


Why some things get better all the time 


HEALTH, strength and zest for life—of youngsters, of work- 
ers, of all of us—depend on food. Food produced by the mil- 
lions of tons yearly. And each year our farmers have more 
efficient means to do their tremendous job. 


The modern farmer has a tractor, a truck, and uses 
specialized farm tools—all with parts made increasingly of 
alloy-toughened steels and of plastics, for sturdier, more 
efficient service. His milking machine has parts of rust- 
resistant stainless steel. Chemically fortified feeds grow 
healthier livestock. New chemical sprays protect his crops 
from insects and plant diseases. And improved fertilizers 
restore vital elements to his soil. 


From care of the life-giving soil to precious harvest, the 
farmer’s means for food production are steadily improving 
... because into these means go better and better materials. 


Producing better materials for the use of science and 
industry and the benefit of mankind is the work of UNION 
CARBIDE. 

Basic knowledge and persistent research are required, 
particularly in the fields of science and engineering. Work- 
ing with extremes of heat and cold—frequently as high as 
6000° or as low as 300° below zero, Fahrenheit—and with 
vacuums and great pressures, Units of UCC now separate 
or combine nearly one-half of the many elements of the 
earth. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET UCC NEW YORK i7, N. Y. 


Products of Divisions and Units include 
LINDE OXYGEN ¢ PREST-O-LITE ACETYLENE * PYROFAX GAS ¢ BAKELITE, KRENE, VINYON, AND VINYLITE PLASTICS 
ACHESON ELECTRODES « EVEREADY FLASHLIGHTS AND BATTERIES * NATIONAL CARBONS 
PRESTONE AND TREK ANTI-FREEZES * ELECTROMET ALLOYS AND METALS ¢. HAYNES STELLITE ALLOYS * SYNTHETIC ORGANIC CHEMICALS 
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ibout long-lived 


@ Only washed Wild Up-river Fine Para rubber is 
used in Okonite insulation. The Okonite Company, 
Passaic, New Jersey. 





look for the 
wot ae OKONITE 


insulated wires and cables 
for every electrical use 
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TWO-MILLION-VOLT X-RAYS 
(Continued from page 336) 


treatment distance with a 10X10 cm. field, the exit dose 
at a depth of 20 cm. is about 11 per cent of maximum 
for 200-kv. rays, 22 per cent for two-million-volt rays, 
and 28 per cent for three-million-volt ravs. These values 
are sufficiently small to avoid serious skin reactions. 

Rays of much more than a few million volts will 
cause too high an exit dose, however. At 20 million 
volts with the distances mentioned above, the exit dose 
is 65 per cent of the maximum dose. Shorter treatment 
distance could partially remedy this, but would intro- 
duce non-uniformity of field due to the narrow beam 
width characteristic of such high-voltage radiation. 

The constant-potential x-rays used in the Institute’s 
physico-medical program are produced by a pressure- 
insulated Van de Graff generator constructed at M.I.T. 
several years ago. This source produces steady, con- 
tinuous electron streams of homogeneous intensity, 
controllable over a wide voltage range. In this particu- 
lar apparatus, the range available for study is approxi- 
mately from one half to four million volts. The target is 
of gold, 4 mm. in thickness, and water-cooled. The rays 
passing through the target in the direction of the elec- 
tron stream, defined into a beam by lead diaphragms, 
are utilized. The diaphragm system should be far 
enough from the skin so that the electrons produced 
by the rays striking it will be scattered before reaching 
the skin. In this setup the bottom surface of the dia- 
phragm system was located about 50 cm. from the 
target, and the treatment distance was one meter. 

A “phantom” of Masonite Presdwood, specific 
gravity 1.02, mounted on a remote-controlled carriage, 
was used to simulate tissue. Two ionization chambers, 
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one imbedded in the phantom, the other as a control 
situated in the center of the beam above the phantom, 
were used, equipped with an electrometer measuring 
circuit. 

Figures 3 and 4 are isodose charts for two-million- 
volt constant-potential x-rays filtered by the equivalent 
of 9 mm. of lead. Treatment (target to phantom) dis- 

(Continued on page 342) 


Figure 6. Comparison of three portal cross- 
firing with filtered 200 KV and 2000 KV radia- 
tion. Curve shows the ionization density along 
one beam axis for three portal cross-firing into 
a 20 cm. round phantom. The beams are 
5cm. X 5 cm. at the surface. Values are calcu- 
lated from single portal isodose measurements 
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Television gives you a choice seat at the game. 


Television-a Season Pass fo Baseball J 


Every home game—day or night—played 
by the New York Giants, Yankees and 
Brooklyn Dedgers will be seen over tele- 
vision this season! 

Owning a television receiver in the 
New York area will be like having a 
season pass for all three ball clubs. And 
in other cities, preparations for the fu- 
ture telecasting of baseball are being 
made. 


When more than one home game is 
on the air, baseball fans can switch from 
one to the other — see the most exciting 
moments of each through television! 

Those who own RCA Victor televi- 
sion receivers will enjoy brighter, 
clearer, steadier pictures through the 
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RCA Victor Eye-Witness picture syn- 
chonizer that “locks” the receiver in 
tune with the sending station. 


To witness baseball or any other 
event in the ever-growing range of tele- 
vision programs— you'll want the re- 
ceiver that bears the most famous name 
in television today — RCA Victor. 

When you buy an RCA Victor tele- 
vision receiver or radio, or Victrola 
radio-phonograph, or an RCA Victor 
record or a radio tube, you know you 
are getting one of the finest products of 
its kind science has achieved. 


Radio Corporation of America, RCA Building, 
Radio City, New York 20. Listen to the RCA Vic- 
tor Show, Sundays, 2 p.m., Eastern Daylight Time, 
NBC Network. “Victrola” T.M. Reg. U.S. Pat. Off. 






















Continue your education 
with pay — at RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
— offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

@ Development and design of radio re- 
ceivers (including broadcast, short wave 
and FM circuits, television, and phono- 
graph combinations). 

@ Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

@ Design of component parts such as 
coils, loud-speakers, capacitors. 

@ Development and design of new re- 
cording and reproducing methods. 


e Design of receiving, power, cathode 
ray, gas and photo tubes. 


Write today to National Recruiting Divi- 
sion, RCA Victor, Camden, New Jersey. 


Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 





RADIO CORPORATION of AMERICA 
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TWO-MILLION-VOLT X-RAYS 
(Continued from page 340) 


tance is one meter. Two field sizes, 10X10 cm. and 
9X5 em. are illustrated in Figures 3 and 4, respectively. 
It will be noted that the maximum dosage is at a defi- 
nite depth below the surface, and that the beam suffers 
little sidewise scattering.- With the 10X10 cm. field 
at 10 cm. depth. the dose was 50 per cent while for the 
5X5 em. field it was well over 40 per cent. 

Due to the advantage of spatial distribution of 
intensity of the two-million-volt ravs over that of the 
200-kv. rays, improved clinical procedures should be- 
come possible with the use of super-voltage equipment. 
It is quite probable that irradiation of a tumor by a 
single two-million-volt beam may often be superior to 
200 kv. irradiation through many portals. 

Figure 5 shows the distribution of dose through the 
cylindrical phantom 20 cm. in diameter irradiated by 
two-million-volt rays at a treatment distance of one 
meter, with a 5X5 ecm. field at the skin. A filter was 
used which was equivalent to 9 mm. of lead. The curves 
show the ionization distribution along the beam axis 
for one portal, three portals, and continuous rotation. 

Data for the single portal curve was obtained from 
direct measurement, and that for the multiportal curves 
was calculated from the isodose curves of figure 4. For 
the multi-portal treatment, the intensity distribution 
is nearly constant within the tumor volume. For con- 
tinuous cross-firing, the skin dose was only 16 per cent 
of the tumor dose 5 cm. below the skin, less than 4 cm. 
from the “tumor” the intensity was less than 50 per 
cent of the tumor dose. 

Figure 6 contrasts three-portal cross-firing of two- 
million-volt rays with that of 200 kv. rays. As can be 

(Continued on page 348) 


Cau You es D4? 


ANSWERS TO PROBLEMS 


Performing a little horse-work and solving for T, we 
find that the plow started moving about 37 minutes 
after the snow began. Thus, it started snowing at 
11:23 a.m. 


APRIL ISSUE: 

Problem 1: While there is no strictly mathematical 
method for attacking this problem, simple logic can 
easily disclose the required digits. For instance, the 


first digit, a, cannot be anything expect a |. Similarly. | 


b must be 4 or below. Continuing along this line, a set 
of interlocking conditions can be set up which, after a 
few trials, will show that the desired six-digit number 
is 14285 7. 

Problem 2: This one is a bit more difficult. Realizing 
that the plow moves with a speed inversely propor- 
tional to the depth of the snow — and thus inversely 
proportional to the time, t— we may set up the equa- 
tion dx I 

SS asi mnie 

dt t 
where x is the distance traversed in the time t. If we 
now say that the plow started at the time T after it 
began to snow, we may integrate this equation be- 
tween the limits of x equal to (0) to (2) and ¢ equal to 
(T) to (T+60). This gives usa value for K, which is 


ier 


T + 60 
to( 5) 
We may now integrate between our second set of 
limits, with T going from (7+60) to (T+120) and 
x going from (2) to (3). We then have the equation 

eee) 
T+60 T+60 
ee 


MAY PROBLEMS: 

Problem 1: If the man runs off the short end of the 
bridge -— that is, towards the train — he will get off 
just as the train reaches the beginning of the bridge. 
If, on the other hand, he runs off the other end, he 
and the train will reach the end of the bridge at the 
same time. The difference in running distance for the 
man is one quarter of the bridge. At the same time the 
train’s difference in running distance is the entire 
length of the bridge. Thus the man is running at a 
speed one quarter that of the train, or fifteen miles 
per hour. 

Problem 2: There are eleven times in twelve hours 
when the hour hand is exactly twenty minute spaces 
ahead of the minute hand. If we start at four o’clock 
and keep on adding | hour 5 minutes 27 3/11 seconds, 
we shall get all there eleven times, the last being 2 hours,’ 
54 minutes, 32 8/11 seconds past twelve. Another addi- 
tion brings us back to four o’clock, but at this time the 
second hand is nearly twenty-two minute spaces be- 
hind the minute hand, and if we examine all our 
eleven times, we shall find that only in one case is the 
second hand the required distance. This time is 54 
minutes, 32 8/11 seconds past two o’clock. — ‘‘Mathe- 
matical Wrinkles” by S. I. Jones. 

J. W. W. 
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Because photography 


OU KNOw what can be done with 
pee toancain to dramatize beauty. 
But do you know what can be done 
with it to dramatize ideas . . . products 
. .. processes . . . technics? 

With eye-arresting photographic 
illustrations in your advertising .. . 
with motion pictures . . . you can add 
color, spark, interest to the presenta- 
tion of any idea or product. Get quick- 
er and greater acceptance through 
your showmanship! 

With movies and slide films, you can 


dramatically explain» the whys and 
wherefores of basic processes and 
technics . . . make trainiig.programs 
more understandable, more interest- 
ing, and, therefore, more productive. 

Beyond these, there are-many other 
uses to which business and industry 
can put photography. For a brief de- 
scription of some of these uses, write 
for our new, free booklet— ‘‘Function- 
al Photography.” 


EASTMAN KODAK COMPANY 
Rochester 4, New York 


Functional 
Photography 


Advancing business and industrial technics 








How many times did we meet today ? 














1 


When you took your shower . . . and combed your hair ine 


ate 











3 


drove your automobile ...... passed a steel mill a: 








crossed the railroad .... . bought a moth preventive Sl 


Chances are, you were seeing evidences of 
Koppers engineering and chemical skills. 


1. Koppers chemicals, derived from coal, for use in making certain 
types of soap. 2. Koppers chemicals used in making plastic combs. 
3. Koppers American Hammered Piston Rings. 4. Coke ovens, de- 
signed and built by Koppers. 5. Railroad crossties, pressure-treated 

by Koppers to resist decay. 6. Koppers Hex...new, efficient moth KO » e = «& & 
protection. Koppers makes all these...and many more useful things 


besides. All are identified by the Koppers trade-mark, the symbol of 
a many-sided service. Koppers Company, Inc., Pittsburgh 19, Pa. 
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The lamps that split “pea soup’... 


“ATTENTION, passengers! Fasten your 
seat belts, please!” 
The stewardess stood calmly at the head 
of the cabin. “Because of adverse flight 
conditions, we are landing at Newark 
Airport instead of LaGuardia.” 
Up in the nose of the plane, the pilot 
squinted through heavy fog. Slowly he 
pushed the wheel forward and the plane 
headed down into the pea soup. 
Then he saw them. Tiny pinpoints of 
clear light, glinting through the thick 
haze. He guided the plane down between 
the rows of lights and in a matter of 
seconds it was safely on the ground. 
Flying in pea soup is never easy. But the 
worst part of it used to be landing in a 
blinding glare barrage caused by the 
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runway markers lighting up the fog. 
During the war a leading manufacturer 
of airport lighting asked Corning to help 
them design a new runway light that 
could penetrate any kind of weather 
without glare. The result was an intricate 
lamp globe which controls the beam so 
the pilot sees the light but not the halo. 
Corning research has helped aviation in 
many other ways. Newark’s big Bartow 
air beacon was made from five special 
glass lenses at Corning. “Black Light” 
lamps and housings that cause aircraft 
instrument panels to glow softly at night 
are all made of Corning glass, as are 

the little glass jewels in the instru- 

ments themselves. Wingtip lights and 

radio tubes are two more examples. 


Altogether we have over 50,000 different 
glass formulae. Maybe one of them will 
come to your rescue when you're stewing 
over some problem in your new job. 
Make a note now to keep Corning in 
mind after graduation. Corning Glass 
Works, Corning, New York. 


L ORNING 


PES. aes omer 


Research in Glass 
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THE ROYAL MAIL SHIP 
(Continued from page 331) 


tandem by a single turbine. Each generator room is 
independent, but they are interconnected through the 
switchboards, that for the machin- 
ery on “E” deck and that for the 
hotel services on “A” deck. From 
these main boards, the power mains 
run to fifty-six auxiliary boards so 
arranged that each water-tight com- 
partment has its own board. Al- 
though the generators develop a 
maximum of 8,800 kw., in normal 
operation only three of the four 
need be run. The emergency gener- 
ators are located aft on “B” deck. 
There are two 75 kw. diesel-driven 
generators to provide power in case 
of a mishap below. The main cir- 
cuits are at 220 volts, D.C. For those 
services which require a lower volt- 
age, a secondary system at 25 volts, 
D.C., is provided by means of motor 
generators. A.C. is provided for the 
wireless by means of alternators. 
The steering gear is electro- 
hydraulic, i.e., electrically driven 
pumps supply fluid to Beets 
rams which swing the rudder. There 
are two completely independent sys- 
tems of rams. The officers on watch 
can change from the one to the 
other merely by moving the quarter- 
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Luxury typifies the first-class staterooms 











Cunard White Star Lid. 
The forward observation lounge on the 
promenade deck 


master from the wheel which controls the one to the 
wheel whick controls the other. The ship’s engines may 
be used in maneuvering. 

In addition to the two wheels which control the 
steering systems, the navigating bridge has a third for 
the gyro-compass. The engine controls are also dupli- 
cated. Furthermore, the port and starboard wings of 
the bridge have engine controls, as does the after navi- 
gating bridge, but no wheels. 

In the accommodations, no effort has been spared 
for the passengers’ comfort and convenience. The ship 
has theatres, swimming pool, branches of the Midland 
Bank, and branches of fashionable London shops, as 
well as the usual garages and kennels, and 37 lifts. In 
way of accommodation, the ship can carry 2,288 pas- 
sengers, 822 in First, 668 in Cabin and 798 in Tourist 
class. The luxury of the accommodations may be better 
understood from the photographs, which are however 
all of the First Class, than from a description. (My 
feeling was that if one did not look over the side now 

(Continued on page 348) 


Cunard White Star Ltd, 
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Measuring fuel performance in the Aircraft Engine Test Cell, Esso Laboratories, Bayway, N. J. 


“Prove it!’ 


Over 2,000 research scientists 
and technicians are hard at work in the 
country’s most complete petroleum 
laboratories—the Esso Research Labo- 
ratories! Soon the number of these re- 
search workers will be upped 20 per 
cent; soon close to $8,000,000 will be 
spent to expand those facilities. 

These men and these facilities have 
just one job — to develop continually 
finer fuels, lubricants and chemical 
products from petroleum. 


UNENDING RESEARCH WORK 
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But their discoveries and their rec- 
ommendations for improvements must 
be tested and proved before they can 
be put in effect. 

That is why, for instance, a half- 
million-dollar aircraft engine test cell, 
more modern than any other in Amer- 
ica, has been built at the Esso Research 
Laboratory. Here aircraft engines are 
run to death, not to test the engine — 
but to test the fuel. This test cell will 
handle everything up to 3,000 horse- 


power. And its equipment is the finest 
throughout — from its vibration-proof 
control room floated on cork to its 50,- 
000 cubic feet per minute exhaust fan. 
Controls are electronic, tempered air 
for carburetion is supplied at 4 in. mer- 
cury pressure. Instead of the normal 
4 or 5 checks there are 186 points for 
temperature determination. 

Research like this has helped win 
for Esso products their reputation for 
quality and dependability. 


ASSURES THE HIGH QUALITY OF ALL ESSO PRODUCTS 
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GAS TURBINES 
(Continued from page 322) 

turbo-jet; and it competes favorably with the recipro- 

cating engine in weight-power ratio. 

The basic development problems in the propeller 
engine are similar to those in the turbo-jet. The engine 
is complicated by the addition of a — and pro- 
peller each of which have problems of their own. Any 
vibrations caused by the gearbox or propeller may 
react unfavorably on the remainder of the engine. For 
instance vibrations arising in the gearbox may have a 
frequency + gag to the natural frequency of 
vibration of one row of compressor blades and cause 
failure in that row. 


Present Status and Future Developments 

The gas turbine is no longer a power plant of the 
future and in the form of the turbo-jet has already many 
hours of successful use behind it. Its attractions may 
be summarized as (1) high power for low weight, (2) 
no vibration, (3) simplicity, (4) small volume, (5) uses 
relatively simple fuels, (6) low lubricating oil consump- 
tion, (7) easy maintenance, (8) no ignition problems, 
(9) no external cooling problems, (10) easy starting. 
It can be used with jet, propeller or ducted fan. 

The gas turbine is still, however, in the early stages 
of its development. There are many ideas, such as 
cooling of turbine blades, which have not yet been 
applied but which promise to make present-day gas 
turbines look old-fashioned in a few years time. 


Permission to use photographs figures 2 to 10 from 
Proceedings of the Institution of Mechanical Engineers, 
Volume War Emergency Issue No. 12, 1945 is grate- 
fully acknowledged. Photograph figure 1 of the Der- 
went V, the engine with which the current world air 
speed record was obtained, was supplied by Rolls 
Royce Ltd. whose courtesy is acknowledged. 


TWO-MILLION-VOLT X-RAYS 
(Continued from page 342) 
seen, the higher voltage radiation is clearly superior, 
due to lower skin dose and lower dose to tissue sur- 
rounding the tumor. 

Due to relatively low scattering and the presence of 
the subcutaneous effect, for the same deep tumor dose, 
the total energy absorbed by the patient is considerably 
less for two-million-volt radiation than for 200-kv. 
radiation. This may account for the greater frequency 
of radiation sickness at the lower voltages. 

The irradiation of tumors with x-rays of voltages on 
the order of several million volts promises to increase 
the effectiveness with which deep tumors can be treated. 

From a report, “Efficient Deep Tumor Irradiation with 
Roentgen Rays of Several Million Volts” by John G. Trump, 
Sc.D., Clarence R. Moster, S.B., and Robert W. Cloud, M.S., 


of the Department of Electrical Engineering of the Massachu- 
setts Institute of Technology. 


THE ROYAL MAIL SHIP 
(Continued from page 346) 
and then, one would not realize that one was on a ship.) 
It might be noted that while austerity is the order in 
England, the passengers on the Queen Elizabeth lack 
os the food is excellent and the little shops are 
filled with things to buy. 

It may be truthfully said that the Queen Elizabeth 
is the finest of a long line of fine ships which have sailed 
under the star and lion of Cunard and White Star 
and under the Union Jack. 


The author wishes to express his appresiction to Mr. Mulligan 
of Cunard White Star Limited, through whose kindness this article 
has been written and illustrated. 
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PHYTOHORMONES 
(Continued from page 328) 


internal factor “x” which was the limiting factor if all 
the other factors had been added. The above named 
factors are the ones affecting thé first two steps in 
root formation: differentiation of the pericycle cells 
into root initials and formation of root primordia by 
these initial cells. However, in order for the root to 
grow appreciably, nutrients must be present. Another 
property of root formation was found to be that it is 
polar only because of the polarity of auxin transport: 
if auxin is applied to the top of the plant, roots grow 
there too — and in preference to growth at the base. 

Bud inhibition is a phenomenon which one would 
not associate with the auxins, which are supposed to 
promote growth. Yet, the fact remains that the mech- 
anism by which lateral buds are inhibited by the termi- 
nal bud is in some way activated by auxin: when a 
terminal bud is cut off and auxin applied at the cut, 
the lateral buds continue to be inhibited. The concen- 
tration of auxin must be several times greater than 
that coming from the bud, but this situation exists 
because the auxin is readily destroyed by the enzymes 
set free in a cut surface. According to one hypothesis 
explaining the mechanism of bud inhibition, auxin 
serves to mobilize our old friend factor ‘“‘x,” called 
caulocaline, which, it would seem, not only promotes 
root formation but also stem growth. Thus the source 
of the most auxin préduction would attract the most 
caulocaline. 

We have been discussing the auxins primarily in this 
article, but only because they are the hormones about 
which we know the most; there are many other impor- 
tant plant hormones: For instance, the growth of young 
leaves is controlled by the hormone adenine which is 
produced by mature leaves. Moreover, more and more 
evidence is cropping up supporting the existence of a 
special flower forming substance. We have already 
mentioned the auxins, caulocaline, vitamins B,; and 
Bg, as well as nicotinic acid. The relation between these 
hormones is shown graphically on page 323. Further- 
more, it is quite possible that there are other plant 
hormones unknown to us as yet. 

At last we come to the crux of our discussion — 
what is the mechanism by which plant hormones act? 
Fundamentally we can answer this question in the 
following way: Most plants — especially the successful 
ones like tomatoes ard wheat — are able to synthesize 
all their own food up to and including such complex 
protein nuclei as purine, sterole, imidazole, endole, 
flavin, pyrimidine, thiazole, etc. However, not each 
separate part of the plant is able to carry out every 
synthesis; so each part is dependent on another part 
for a few necessary compounds and hence is controlled 
by the rest of the plant (as a matter of interest it might 
be noted that some plant hormones are also animal 
vitamins; animals have completely lost synthesizing 
ability and are therefore completely dependent on plants 
for their vitamins). We can, in general, best think of 
the plant as a complex organism unified by the inter- 
action of a number of different hormone compounds in 
a complex pattern further complicated by the role of 
nutrients and other external factors. 

A more definite analysis of the exact role played 
by each hormone is possible in the case of vitamins 
B,, and Bg, etc. For we know fairly completely the role 
they play in controlling metabolism. However the 
auxins are the only other plant hormones about which 
we know enough at present to be able to formulate 
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Constant High Quality 
with Unitorm 


Uniform heat, at precise temperatures, assures the 
constant high quality of Maendler paint brushes. 
Three automatic, clock-controlled vulcanizing ovens 
guarantee the exact time-temperature relationship for 
sealing set-in-rubber bristles; GAS, dependable heat 
source for toughest industrial heating problems, in- 
sures uniform oven temperatures. 

The controllability of GAS proved an asset to 
production at the Maendler plant. By charging the 
ovens at the end of the normal working day, one 
extra vulcanizing cycle can be completed after-hours 
... with automatic time and safety controls substi- 
tuting for the operator. 

Efficiency of Gas-Fired Equipment, and economy of 
GAS for industrial heating, have been demonstrated 
in thousands of applications as unusual and inter- 
esting as this vulcanizing process. 
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Photo by DESPATCH OVEN COMPANY 


Minneapolis, Minnesota 
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Brushes by MAENDLER BRUSH MANUFACTURING 
COMPANY, INC., S¢. Paul, Minnesota 


AMERICAN GAS ASSOCIATION 


420 LEXINGTON AVE., NEW YORK 17, N. Y. 
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Remedy for red ink rash* 


(*for executive use only) 


Say “Ah-h-h,” Mr. Executive. 


A rash of red ink, hm? Production 


costs steadily climbing, you say? 


Well, there’s an effective medication 
for your troubles—one that will help 
you cut down those excessive expenses 


in a hurry. 


The prescription? It’s called Carboloy 
Cemented Carbide—the hardest metal 
made by man. Formed from the powder 
you see pictured into blanks for tools, 
dies and wear-resisting parts, Carboloy * 
is the greatest single factor for reducing 
manufacturing costs that modern 
industry has ever known, BECAUSE: 





*(TRADE MARK) 


THE HARDEST 
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CARBOLOY 


CEMENTED CARBIDE 


METAL 


1. Carboloy commonly triples the output 
of both men and machines, 


2. Regularly increases the quality of 
products, and 


3. Cuts, forms or draws the toughest, 
most abrasive modern alloys with ac- 
curacy and speed previously unknown. 


That is why Carboloy is held by 
authorities to be one of the ten most 
important industrial developments of 
the past decade. 

We Make This Challenge 
The odds are 10 to 1 that Carboloy— 
the amazing metal of many uses—can 
be put to work by our engineers to give 
your products higher quality at lower 
cost. Call us in for consultation. 


Carboloy Company, Inc., Detroit 32, Mich. 





MADE BY MAN 





PHYTOHORMONES 
(Continued from page 348) 


acceptable theories of the mech- 
anism through which they act. The 
cell wall was regarded for a long 
time as the structure which was 
most influenced by the auxins: it 
was believed that the cell wall was 
made plastic and hence amenable to 
expansion by auxin action. Of 
course, it was known that auxin in- 
creased the rate of cell division in 
the cambium, but it was argued, 
and rightly so, that plants grow 
primarily by cell elongation, not cell 
division. However, there was shown 
to be no stoichiometric ratio be- 
tween intake of auxin and any mate- 
rial present in the cell wall; so, since 
it is believed that auxin does not 
produce a general stimulus but 
rather enters into a specific chemical 
reaction in the plant, the viewpoint 
of cell wall transformation has been 
to some extent abandoned. Another 
theory was that auxin mobilized the 
other necessary factors at the site of 
growth; however, it was shown that 
auxin produced a normal effect even 
when the growing part was com- 
pletely surrounded by all the needed 
factors. One interesting phenomenon 
which is explained by no theory is 
the effect auxin has in increasing the 
rate of streaming of protoplasm. 

At this point it would be well to 
consider auxin from the chemical 
rather than the physiological point 
of view in order to determine why it 
is considered that auxin has a spe- 
cific chemical effect. At first, when 
it was observed that a great number 
of different substances acted as 
auxins, the role of auxin was con- 
ceived as being a very general sort 
of stimulus. However when the 
auxins were examined more closely 
it was seen that all had certain prop- 
erties in common: (a) an unsatu- 
rated or aromatic ring; (b) a car- 
boxyl group, or a group readily 
hydrolyzable into a carboxy] group, 
in the side chain; and (c) a special 
configuration between the carboxyl 
group and the ring. Furthermore, 
it is possible to explain the appar- 
ently different molar activities of the 
auxins on the basis of different sec- 
ondary characteristics; t.e., different 
rates of transport, different abilities 
to prepare the cells for the actual 
growth reaction. Hence we can see 
that from a chemical point of view 
the auxins should have a definite 
common chemical effect. And, since 
the auxins enter into so many dif- 
ferent types of growth phenomena 
it would seem likely that the role of 
auxin is to enter into some basic 
chemical reaction which would have 
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THE SOY BEAN, once PLANTED 
ONLY AS A ROTATION CROP, WAS 
PLOWED UNDER TO INCREASE THE 
FERTILITY OF THE SOIL. 















THEN SCIENCE DISCOVERED THAT 
SOY BEAN FLOUR IS WHOLESOME (st : 
...THE OIL MAKES GOOD PAINTS 
AND SALAD DRESSING... THE MEAL 
1S GOOD CATTLE FEED... THE 
FIBRE MAKES PLASTICS.. BUT 
FIRST EXTRACTION METHODS 
DIONT GET ALL THE OIL...ONLY 
PARTIALLY SEPARATED THE 
OTHER INGREDIENTS. 















OJENSATIONAL WEW 
OU. EXTRACTION METHOD 
DEVELOPED BY A-C SCIENTISTS 


REVOLUTIONARY SOLVENT EXTRACTION 
MACHINERY NOW SEPARATES SOY BEAN OIL, 
PULP AND MEAL EFFICIENTLY—AT LOW COST 
AND EXTENDED USE OF THIS EQUIPMENT 
IS INCREASING THE YIELD FROM OTHER OIL- 
BEARING MATERIALS SUCH AS FLAXSEED, 
COTTON SEED, COPRA, PALM KERNELS, 
PEANUTS AND MEAT SCRAPS....... 





GO op ALL SOY BEAN 


MILLING TODAY IS DONE WITH 
A-C EQUIPMENT. THIS WORK 
THAT ALLIS-CHALMERS HAS DONE 
WITH SOY BEANS GOES ALL THE WAY 
FROM PLANTING AND HARVESTING 
THROUGH MILLING AND PROCESS- 
ING. IT 1S TYPICAL OF THE ENOI- 
NEERING AiD A-C OFFERS TO 
EVERY BASIC U.S. INDUSTRY, 
ALLIS-CHALMERS 
MANUFACTURING COMPANY, 
MILWAUKEE 1, WISCONSIN 
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PROBLEM—FEvery so often, as the commutator segments of large 
motors wear down, the mica between them must be cut down. Your 
problem is to work out a tool which permits the undercutting to be 
done without removing the armatures from the motors. 


THE SIMPLE ANSWER—An S.S.White power drive flexible shaft 
hooked up to an electric motor gives you the basis of a portable 
power unit for driving small rotary saws. A handpiece designed for 
mounting the saws finishes the tool. 


The time and labor-saving advantages of having an easily manipu- 
lated power tool which can be brought to the work, can be readily 


appreciated. S.S.White 
flexible shafts make 
practicable the develop- 
ment of such tools for 
many purposes. 


* * * 


This is just one of hundreds of 
power drive and remote con- 
trol problems to which S.S. 
White flexible shafts provide 
a simple answer. Engineers 
will find it worth while to be 
familiar with the range and 
scope of these Metal Muscles * 
for mechanical bodies. 


Here's how the 
Martindale Electric 
Co., of Cleveland, 
Ohio, does it with 
a Y4 hp. motor 
and flexible shaft 
combination. 


* Trade Mark Reg. U.S. Pat. Off. 
and elsewhere Pr 


WRITE FOR BULLETIN 4501— — — — eee™ ; 


It gives essential facts and engineering data 
about flexible shafts and their application. A /  ~ 
copy is yours free for the asking. Write today. / 


SS.WHITE ypu sTRIAL crux 


THE S. S. WHITE DENTAL MFG. CO. 
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be 
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DEPT. C, 10 EAST 40th ST., NEW VORK 16, N. V.am 


PLERIGLE SHASTS 4° PLEXIGLE SHAFT TOOES + AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS + SPECIAL FORMULA RUSSECS 


Cue of Americas AAAA Industrlal Enterprises 


PHYTOHORMONES 
(Continued from page 350) 
different effects depending on the 
nature of the cells and other factors 
preseht. This theory has received 
much support from the important 
discovery of Thimann and co- 
workers that auxin enters into reac- 
tions which account for about ten 
per cent of the respiration, and hence 
the energy, of most of the plants 
studied. It was also eek that 
the four carbon acids — malic, fu- 
maric, succinic, and the three car- 
bon. acid, pyruvic, are essential to 
the reaction. Furthermore other 
experiments have indicated that the 
growth of plants consists essentially, 
not of increase in dry weight, but of 
increase in volume brought about 
by the absorption of water and some 
salts. Therefore it seems quite 
likely that the réle of auxin as a 
growth promoting substance is to 
act as a cO-enzyme in a respiratory 
system, controlled by the four car- 
bon acids, which system releases the 
energy necessary to absorb water 
for growth and which somehow 
brings about acceleration of the 
little understood phenomenon of 

protoplasmic streaming. 

Theory has been the backbone 
of our discussion so far, but we must 
not assume that this pure research 
in plant hormones has yielded no 
practical results. We have already 
mentioned the production of parthen- 
ocarpic or seedless fruit, which is 
made possible by artificially supply- 
ing to unfertilized fruit the auxin 
which normally comes from the 
seeds. Another application of auxins 
is in the spraying of fruit on trees 
to prevent premature dropping, for 
auxin retards the division of the 
petiole cells which hold the fruit to 
the tree. Other applications result 
from the toxicity of high concentra- 
tion of auxins. Last year New York 
City took sprayers from watering 
equipment and helped out allerg 
victims by killing ragweed wit 
auxin spray. In Puerto Rico and 
other sugar producing areas auxin 
is rapidly becoming invaluable in 
killing bind weed, and auxin will 
undoubtedly find use in killing man 
other weeds, especially since it will 
kill dandelions and such plants with- 
out hurting the surrounding grass. 

We can see that all this theoreti- 
cal work in the plant hormones — 
interesting enough for its own sake 
— has been of great practical value, 
and will in the future probably bring 
about a great deal of important 
development in the field of plant 
engineering — the application of sci- 
entific methods to farming and 
horticulture. 
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NDUSTRIAL explosives are 
I as much of a yardstick 
of industrial progress as sul- 
furic acid. They are in- 
volved in the fabrication of 
nearly all the products used 
by man. This year the 
United States will use over 
500 million pounds of in- 
dustrial explosives. 

The technical problems 
that confront the explosives 
industry are many and va- 
ried. A measure of this is 
the fact that the Du Pont 
Company manufactures 
about two hundred dyna- 
mite formulations, each in- 
tended to do a different job, 
from the slow heaving ac- 
tion of blasting coal to the 
rapid, violent shattering 
necessary for a hard ore. 
Ranging between these two extremes 
are a large number of intermediate 
grades, including explosives especially 
formulated for agricultural work, seis- 
mic prospecting for oil, submarine blast- 
ing—right down to the tiny charge 
used in an explosive rivet. 


Studies in Laboratory and Field 


One of the first industrial laboratories 
for chemical research in the United 
States, the Eastern laboratory of the 
Du Pont Explosives Department has 
nearly two hundred chemists, engineers, 
physicists and assistants. There, meth- 
ods have been developed for measuring 
the power of explosives, the degree to 
which they shatter or pulverize various 
materials, their water resistance, their 
safety characteristics when exposed to 
shock or flame, the composition of the 
gases they produce, etc. As a result of 
studies of the influence of various fac- 
tors on dynamite performance, it has 
become possible to formulate an explo- 
sive to meet practically any blasting 
condition. 

In keeping with these improvements, 
the application of explosives has reached 
a new level of efficiency. Technical serv- 
ice men, usually mining engineers or 


Explosives—an essential 
industrial tool 


Frank A. Loving, Chemical Engineer, Texas A & M '41, prepares to fire an 
explosive charge into a chamber of methane or dusty air to test safety under 
conditions found in coal mines. 


civil engineers, aid consumers in the 
selection and use of explosives. They 
also work closely with research men in 
solving unusual problems encountered 
in the field. 


Research—Path to Progress 


A few of the results gained through 
research are: (1) lowering of dynamite 
freezing points by nitrating ethylene 
glycol along with glycerol to diminish 
the hazards of thawing frozen dyna- 
mites. (2) Production of less hazardous 
dynamites by substituting ammonium 
nitrate partially for nitroglycerine, in 
spite of the greater hygroscopicity and 
lesser explosive power of the former. 
This resulted in dynamites less hazard- 
ous to manufacture and use. (3) Intro- 
duction of ‘“‘Nitramon,”’ a blasting agent 
containing a high percentage of ammo- 
nium nitrate as its major ingredient. It 
is equal in strength to the most power- 
ful dynamites commonly employed and 
yet is by far the safest blasting agent 
available. (4) Development of explo- 
sives with a minimum of noxious gases 
for use in confined areas. (5) Numerous 
improvements in the composition, man- 
ufacture and design of the blasting 
caps which set off the main charge. 


More facts about Du Pont—Listen to “Cavalcade of America,” Mondays, 8 P.M. EDST, on NBC 
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A. L. St. Peter, Princeton '37, 
supervisor blasting operation 
Susquehanna River Project, 
lowers a 54 inch“Nitramon” 
Primer into one of 600 drill 
holes preparatory to blasting 
a pipe line ditch. 





Aside from these developments in 
explosives and blasting supplies, there 
have been many accomplishments in 
chemistry and engineering associated 
with such projects as the oxidation of 
ammonia to nitric acid; manufacture, 
granulation and drying of ammonium 
nitrate; substitutes for nitroglycerine 
and ethylene glycol dinitrate, concen- 
tration of nitric and sulfuric acids, and 
a host of other subjects. 


Questions College Men ask 
about working with Du Pont 


WHAT ARE THE OPPORTUNITIES 
FOR RESEARCH MEN? 


Unusual advantages in facilities and 
funds are available to men qualified 
for fundamental or applied research. 
Investigation in the fields of organic, 
inorganic and physical chemistry, biol- 
ogy, parisitology, plant pathology and 
engineering suggest the wide range of 
activities. Write for booklet, ‘‘The 
Du Pont Company and the College 
Graduate,’’ 2521 Nemours Building, 
Wilmington 98, Delaware. 


REG. U.S. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING 
eee THROUGH CHEMISTRY 
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Your Supper — Minus Water. 
Sidney L. Smith, °47 . 


FEATURES 
Tue Dracon’s DEN 
J. W. W. 
Attention E.C.M.A. Editors and all 
Students... 
Editorial 
E. M. K. 
E Pluribus Unum... ‘ 
For a Brave New World... ; 
Life, Liberty, and the Pursuits of 
Engineers . 
Opportunity inate . 
Progress . 
Why Not Sens Scientists? . 


Can You Dolt? J. W. W. 
A — of Problems that Look Mita 
Easy . , 


A Couple of the ola Classics — one easy and 
one hard! Fe seal os 


A Pair of Unique Pailin, 

Four of the Classics — All Easy! 

Three Miscellaneous Gems... 

Two Easy Ones — but look béfore you aed 


Two New Ones — one elementary and one 
advanced ... 


BRIEFING THE NEws 


April 1947 


Nov. 1946 


Mar. 1947 


Month 


Nov. 1946 
Oct. 1946 


Mar. 1947 
Dec. 1946 


Feb. 1947 
April 1947 
May 1947 
Jan. 1947 


Nov. 1946 


Dec. 1946 
May 1947 
Feb. 1947 
Mar. 1947 
Jan. 1947 


April 1947 


1946 
1947 
Feb. 1947 
Mar. 1947 
April 1947 
May 1947 


Oct. 
Jan. 














































Page 
61 


148 
228 
324 


102 
153 


283 


283 


57 


234 


Page 


75 
29 


243 
117 


199 
289 
335 
159 


74 


116 
334 
198 
242 
158 


288 


140 
180 
220 
268 
312 





| Another Reason 


for Norton Leadership or 


RCH 


T WAS an idea plus the spirit of 

experimentation that led to the de- 
velopment of a grinding wheel in F. B. 
Norton’s pottery shop in 1877. That 
same pioneering spirit led to many 
other important Norton contributions to 
industry during the succeeding 70 years. 
In 1946 it resulted in 32 ALUNDUM 
abrasive—the sensational new aluminum 
oxide abrasive made by a_ unique 
electric furnace process. 


Today the Norton research laboratories at Wor- 
cester and at the Chippawa electric furnace plant 
occupy 75,000 square feet of floor space, are 
equipped with the most modern apparatus and 
have a staff of over 135 skilled scientists and 
technicians. Included are: 


Mechanical Engineers 
Electrical Engineers 


Physical Chemists 
Organic Chemists 


Ceramic Engineers [Electro-chemists 
Chemical Engineers Metallurgists 
Petrographers Physicists 


The teamwork of this group has had much to do 
in making Norton the unquestioned leader in 
the abrasive industry. 


NORTON COMPANY 
Worcester 6, Mass. 


NORTON 


GRINDING WHEELS — 
POROUS MEDIUMS — 


ABRASIVES ~ 
REFRACTORIES — 
LABELING MACHINES 



























GRINDING 
NON-SLIP FLOORS — 
BEHR-MANNING DIVISION: COATED ABRASIVES AND SHARPENING STONES 









901 —First manufac- 
- tured aluminum oxide 
| abrasive — ALUNDUM* 


904 — Water-cooled 
_ electric furnace revolution- 
ized production of Alun- 
_ dum abrasives. 

1910 —38 Alundum 
abrasive—white aluminum 
oxide of exceedingly high 
purity. 

1911 ~~ High temperature 
~tefractory products. 


1917 — Efficient non-slip 
wear-resisting floors. 


1921 —~Pulpstone for 
_ grinding pulp wood for 
- newsprint. 

1924 — Porous diffuser 
plates for sewage disposal 
plants. 

1930 — First diamond 
- grinding wheels (resinoid 
_ bonded). 


1930 — controtied strue- 
ture method of grinding 
wheel manufacture. 


1934 — Norbide abrasive 
and molded products — 
Norton boron carbide, 
hardest known substance 
except the diamond. 


1935 — Electrical peri- 
clase — a* refractory elec- 
trical insulator for heating 




























































units, 

1936 —First metal bonded 
“diamond wheels. 

1938 — Optical resin — 

a hard, transparent, water- 

white resins 

1942 — First vitrified 


bonded diamond wheels. 


1945 —Pure oxide refrac- 
tories — for temperatures 
above 1800° Centigrade. 


1946-22 ALUNDUM 














LAPPING MACHINES 
NORBIDE PRODUCTS 


AND 


BIRTH OF PLANETS 
(Continued from page 323) 


the accelerations produced by S’ in 
P and P’. The sides PD and P’D’ 
will then represent the perturbative 
action. and since PA>SB>P’A’, 
PD must be directed toward a point 
between S and S’ while phy is 
directed to a point beyond S. That 
is, the action of S’ in its new position 
is to give to the matter earlier 
ejected from S an angular momen- 
tum in the direction of the orbital 
motion of S’. S’ moved rapidly 
away from the scene of action and 
is now lost from view; and P and P’ 
were left revolving in elliptical orbits 
under the attraction of the sun. 

As S’ swung around the sun, ma- 
terial was ejected from S at frequent 
intervals or continuously, and all the 
particles were acted upon in the way 
described above but in different 
directions and by different amounts. 
In figure 2 the curves S,; and S,’ 
represent the paths followed by the 
particles P and P’, and the curves 
So and S,’ S; and S,’ ... represent 
the paths followed by particles 
which were ejected later. The dotted 
ellipse is the orbit finally pursued by 
particle No. 3 after S’ had receded 
so far that its influence was no longer 
important. 

Finally, there is the Jeans Tidal 
Theory. By drawing the planets 
side by side (figure 3) and in their 
relative sizes. it is seen that the en- 
velope of these spheres is a cigar- 
shaped curve. If an approaching 
star had caused a tidal action on the 
sun, which would release a long fila- 
ment of gaseous matter, which even- 
tually condensed into _ spherical 
bodies, the result would be compar- 
able to the present cigar-like enve- 
lope of the planets, with the largest 
bodies being in the center, where the 
star came closest to the sun, and 
thinning out in each direction, as the 
star approached and receded from 
it. Since these bodies were still 
plastic, they too would receive tidal 
action as they subsequently ap- 
proached perihelion passage in their 
orbits about the sun, with the satel- 
lites of the planets, such as the 
moon, thus being born. 

These, then are the main the- 
ories of the birth of the planets. 
What they lack in scientific proof is 
balanced by the influence that they 
can exert upon man’s thoughts, for 
if he can determine where he has 

come from, and how he has arrived, 
it is not inconceivable that he might 
determine where he may be going. 





1 Op. cit., P. 347. 
? Diagrams and explanatory matter from 
Astronomy, J. C. Duncan, Pp. 314-15. 
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HALK IT UP TO A CARELESS MAN with a 
match. But don’t fool yourself. If your 
properties suffer material damage by fire the 
truly careless man will be you—for as long as 
people are human and thoughtless, fires will 
start, but as long as there is Grinnell Protec- 
tion you can control these fires quickly, effec- 
tively, at the source. 

So the choice is actually your own—whether 
you risk your property to swell the present 
$500,000,000 annual destruction by fire—or 
whether you safely join the group of those 
Owning over seventy billion dollars worth of 
property who have prepared for fire, who 
have cut losses to trifling amounts with 
Grinnell Protection. 


There is a system of Grinnell Protection for 
every kind of fire hazard, ready to stop fire 
immediately wherever it strikes. If your prop- 
erty is unprotected against fire you’re paying 
for Grinnell Protection—why not have it? 
Grinnell Company, Inc., Providence 1, R. I. 


Branch Offices in Principal Cities. 


















































The Story of 
JIM YOUNG 


§ few General Electric refrigerators, 
ranges, washers and other appli- 
ances that homemakers will be buyng 
in 1950 are already under development. 
James F. Young, ten years out of 
Lafayette College’s mechanical engi- 
neering school, supervises the engi- 
neering of these appliances-to-come. 

Jim, graduating magna cum laude, 
chose General Electric's job offer over 
others because, as he says, ‘‘G.E. 
offered more different fields of engi- 
neering, had a better program than 
any other company, and could pro- 
vide better experience.”’ 

The varied experience that Jim 
sought came to him fast. While on 
‘““Test’’ with G.E., he worked in four 
different plants and at six different 
assignments, ranging fromsupercharger 
tests to studies in unbalance of hy- 
draulic systems. Following ‘‘Test’’ he 
enrolled in the G-E Creative Engineer- 
ing Program and drew five assign- 
ments in laboratories and design de- 
partments. 

When he had completed the course 
he was appointed supervisor of it. 
While organizing this course and 
lecturing to the class, he studied an- 
other—the C course in mechanical 
engineering. He also wrote and edited 
‘‘Materials and Processes,’’ published 
in 1944. 

His first ‘‘real work,’ he says, was 
in helping to develop large-size rocket 
launchers, both airborne and land 
types. The creative engineering ability 
he showed on this assignment, and 
on later problems, insured his steady 
progress to the top of the Advance 
Engineering Section of his company’s 
Appliance and Merchandise Dept. 


Next to schools and the U.S. Govern- 
ment, General Electric employs more 
college engineering graduates than 
any other organization. 


GENERAL @ ELECTRIC 


TOMORROW'S APPLIANCES 





Jim became interested in mechanical prob- 
lems early. In his teens he found a hobby 


in rebuilding old autos. 








As an early job with G.E. he organized and 
taught engineering courses, became super- 
visor of all mechanical engineering training. i 





During the war he helped develop the air- 
borne rocket launcher, important factor in 
smashing Nazi armor. A second war job: 
development of gyroscopes for torpedoes. 


Today Jim supervises the engineering of G-E 
household appliances to be marketed -two 


to five years from now. He still directs the 
training of many new engineers. 





The Murray Printing Company 
Cambridge, Massachusetts 








